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7 E Art of Surveying is great antiquity; nd | and 

it bas been ſaid, that it was firſt fo 
gypt. For when the Nile, by its frequent 3 
trons, overflowed the country, and deſtroyed all the 
boundaries of mens eſtates, or buried them under the 
flime and mud; they were neceſſitated to ſeek out ſome 
methods or other, whereby to ſet out te every man his 
due quantity of ground ; that it might be reſtored to 
bim without loſs. And as this happened very often, 
they were under a neceſſity of ſtudying this © art, for 
N the limits a extent of their lands and poſ- 
ſeſhons. 

But though the FRET of ſuch an art- muſt be 
neceſſary on this occaſion, and accordingly made uſe of 
for that purpoſe ;, yet it might be found out ſooner. 
For without doubt, the Art of Surveying had been 
known, ever ſince there had been any ſuch thing as the 
dividing of lands. For as there could be no ſetting 
out, or making any diviſion of lands, without i 
the meaſures of the whale, ana of the ſeveral parts; 
ſo as ſoon as that happened, muſt the way of meaſur- 
ing be known; and thus we meet with a man meaſur- 
ing Jeruſalem, Zechariah, ch. 2. And the ſame ne- 
ceſſuty that cauſed men to divide the land into ſhares, 
at the ſame time forced them to ſeek for methods to re- 
duce them to an equality, and to find the proportion be- 
tween one part and another. And thus the firſt divi- 
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W THE PRE F ACE. 
ding of the land of Egypt among the people, gave riſe 
firſt to Surveying and Geometry. 

It has been objefied, that the ſurveying of land makes 
the poor tanants to have dear bargains, and occaſions 
things to ſell dear and grow ſcarce ; and therefore land 
ak. not ta be meaſured. But then @ man muſt be 
kept ignorant of bis property, in other caſes as well 
as this. Does a man's knowledge abridge his conſci- 
ence ? We often ſee that men, by over-eſtimating their 
eſtates, let their tenants bard pennyworths, being ig- 
norant of the true quantity of ground they let, for the 
want of ſurveying. But every man, in any ſort of bu- 

Sineſs, will always make the beſt he can of bis goods. 
And muſt every man have the liberty to make the beſt 
of his own, and only the 6wners of land tied from it ? 
Now the Art of Surveying teaches how to give every 
man his due, and to do juſtice to every body, to the 
landlord as well as the tenant, to the buyer as well as 
the ſeller ; by ſhewing the true meaſure and quantity 
of the land. Therefore Surveying is 4 necoffary and 
uſeful Art, which not on gives the true quantity, but 
ſhews rules fer laying down maps and drafts of an 
ate; which exhibits to view every field, and every 
objelt therein, in their proper 1 tuarions ; which is a 
uſe ful invention. 

Many large volumes have been writ concerning the 
Art of Surveying, by which it has been drawn out to 

| an unneceſſary length. For the whole of it is founded 
upon the ſimpleſt principles of Geometry, which are 
eaſily learned, and cannot need ſuch long and tedious 
explications ;, for ſuch methods only confound the reader. 
For no ſubjett ought to be treated more voluminouſiy, 
than there is real difficulty in it; which is not to be 
foung i in this Art. It is a good old maxim, uu Bi- 
chaos pivz xoxov, and ought always to be obſerved. 
For by ſpinning out things in long diſcourſes, the reader 
is boſt in a miſt of words. But this perplexity is — 
: [4 2 
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Tux PREFACE. I 
ed, by treating the ſubject in a conciſe way, and going 
no farther than the ſubject leads. 5 i 

In the fellowing Book, you have a verbal deſcrip- 
tion of the inſtruments uſed in Surveying. For it is 
not worth the while to give any Cuts of them; a 
fight of them being more inſtruttive than any figure 
can be. In Sect. I. you have an account of all the 
work that is to be done out of doors; with proper 
Rules to proceed by. Sect. Il. teaches how to plot, 
reduce, caſt up, and divide any parcel of land. And 
lafily, Sect. III. eus the methods of taking heights 
and diſtances, both acc fſible and inacceſſible , which is 
4 curious and uſeful ſullject, and very neceſſary to be 
known. 

I have omitted nothing belonging to this Art, and 
have treated of every thing in as conciſe a manner, 
and yet as clearly, as the ſubjett would admit of. And 
ſo I take my leave of the reader, wiſhing be may meet 
with all the ſatisfaction be expets, | 
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NURFYEYING, or meaſuring Land, is the art 

of finding the content of any field, or parcet 
of land; which is always expreſſed in acres and de- 
cimal parts; or perhaps in acres, roods and perches. 
This fort of meaſuring differs from others, as it is 
concerned in nothing but meaſuring parcels of the 
earth's ſurface, which are large figures; and whoſe 
meaſures are taken in chains and decimal parts ; 
whereas the dimenſions in other ways of meaſuring 
are taken, and caſt up, in inches, feet, yards, &c. 

The inftruments uſed in ſurveying are of ſeveral 
ſorts. 1. Thoſe for meaſuring angles; as the The- 
odolite, plain table, ſemicircle, circumferentor, Geode- 
tical ſtaff, infallible, &c. 2. For meaſuring diſ- 
tances; as the wheel, or perambulator, the chain, 
&c. 3. For levelling; as the water level, ſpirit 
level, &c. 4. For making draughts upon paper; 
as ſcales, line of chords, protractor, reducing ſcale, 
compaſſes, parallel ruler, &c. g. For marks, &c. as 
arrows, ſtation ſtaves, ſtreamers, &c. 


The Tbeodolite. 


This 1s a braſs circle, 12 or 14 inches diameter ; 
its circumference is divided into 360 degrees; it 
has two fights upon it, fixt at the beginning of the 
degrees; and alſo a moveable index, with two 
ſights, which moves about the center. The whole 
is to be fixt upon a three legged ſtaff, with a ball 
and ſocket. To ſome of theſe inſtruments are fit- 
ted teleſcopic ſights ; which makes it one of the 
| A 4 beſt 
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2 S Un N i 
beſt inſtruments for taking angles. And ſome of 
them have a card and compaſs, with a needle play. 


ing round the center, which in ſome caſes is very 
uſeful. 
2 The" plain Table. 

This is a flat board or table, the bigneſs of a 
ſheet of paper; fitted into a frame going round its 
edges, which frame is to keep the ſheet of paper 

| faſt on the table, for uſing in the field. The ed 
is graduated into degrees, from a braſs center in 
the middle of the table; by means of which it ma 
be uſed without a paper. It has a looſe index with 
two ſights, being ſighted both back and forward; 
and upon this index is a tangent line for takin 
heights. The index is made to turn upon any gi- 
ven point, againſt a pin, or the point of a pair of 

compaſſes placed therein, as a center; and in tak- 
ing angles, this center muſt be the braſs center. 
The ſtreight edge of the index is called the fducial 
edge. | | | | 

1 he uſe of this inſtrument is to draw the plot or 

figure of any field or parcel of land upon a paper, 
in the field. For when the work in the field is fi- 
niſhed, you have the exact form of the ground up- 
on the paper on the plain table. This is a proper 
inſtrument for ſurveying ſmall incleſures, and of 
great diſpatch; but not ſo good for large eſtates, 
by reaſon the paper upon the table will contract in 
dry weather, and expand in moiſt weather. And 
therefore if one part be drawn when it is dry, and 

another when it is moiſt, the field will be diſtort- 

| ed, and the parts out of proportion. 
The under ſide of the frame is divided into e- 


qual parts, and may be turned upſide down upon 
occaſion. | SY 


Cireum- 
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Circumferentor. © aer 

This is a parallelogram, eight inches long and 
four broad, made of box or braſs, its edge gradu- 
ated or divided into degrees; to this belongs an 
index with ſights forward and backward. It may 


alſo be made in form of a circle eight inches dia- 


meter. | ; | 

To this belongs a box and needle; and therefore 
it is the fitteſt inſtrument for mapping a harbour, 
and for drawing the poſition of rocks, fands, 


ſhoals, ſoundings, &c. And proper for meaſuring 
a county, if it be made large. | 


Semicirels. 


This is a large ſemicircle divided into degrees, 
having ſights placed at the beginning or edge. It 


has a moveable index with ſights back and forward, 


moving about the center. To this is fixed a box 
and needle; it is the ſame as half a Theodolite. It 


is fitted to a ball and ſocket, and ſet upon a three 


 leg'd ſtaff, like all the reſt. 


Geodetical Sta F. 


This is an inſtrument with two legs, having ſights 
upon them, opening upon a braſs center pin, like 
the legs of a pair of compaſſes; each leg is a foot 
and half long, or more. There is a long ruler, 


called the Graduator, which turns upon a pin in the 


end of one of the legs, and goes thro' the end of 
the other leg. This ruler is graduated with a line 
of chords, anſwerable to the length of the legs, 
which is the radius. As the inſtrument is opened, 
the moveable leg, running along the graduator, 
ſnews to what angle the inffrument is opened. And 
when it is open, it appears in form of an iſoſceles 
triangle; and may be opened to a right angle, or 
ſomething more; and then the graduator will be 
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roads, rivers, and all level ground. 


SURVEY TIN G. 


the hypothenuſe. This is an excellent inſtrument 


for taking angles. A 
- Infallible. 

This is an inſtrument not very common; it is a 
flat board, or a plate of copper or braſs, a foot 
ſquare. On the middle or thereabouts is fixed a 
perpendicular pin, on which is ſcrew'd an index 
with two ſights. The table or plate is to be cover- 
ed with a paper, which muſt be folded at the ends 
under the inſtrument, and ſcrew'd faſt at every 
corner, by four plates fixt underneath the table, 
Then the index muſt be put upon the pin, which 
will come thro? the paper. 

This inſtrument is very ſimple, and very eaſily 
made, and differs nothing from the plain table, bur 
only that it is ungraduated ; and the index always 
turns upon the fixt pin. When it is uſed in the 
field, it muſt be placed on a three legged ſtaff, 
being a ſtaff with three legs opening outward, to 
ſtand on the ground in any poſition you will. All 
theſe inſtruments are for taking angles or draughts. 


Wheel, or Perambulator. 


The wheel to meaſure diſtances, is 24 yards in 
circumference, but ought rather to be 54 yards a- 
bout, or a ftatute pole. It conſiſts of clockwork, 
and on the face has two hands or pointers, to ſhew 
the diſtance run. The wheel runs between two 
cheeks, in a frame of wood ; by taking hold of 
the frame it is driven forward, and by the motions 
of the hands, and diviſions on the face, is ſhewn 
how many yards, poles, furlongs or miles, you 
have gone. One hand goes round in half a mile, 


and the other in 12 miles. 


This inſtrument is very uſeful for meaſuring 


Chain, 


SURVEYING. 


Chain. 
There are ſeveral ſorts of chains, but Gunter's 
Chain is the beſt for meaſuring land; its length is 
4 poles or 22 yards; and is divided into 100 links; 
and at every 10 links there is a piece of braſs, with 
figures or tails for diſtinction; by theſe, the links 
are eaſily reckoned. | 
In meaſuring towns, a chain of 30 feet and 30 
links 1s the moſt commodious. Lo; 


Water Level. 


This is a round tube made of wood or braſs, 
about three feet long ; the ends of it are turned up 
{quare ; in which are cloſe cemented two glaſs tubes 

rpendicularly. The tube is to be almoſt quite 
filled with water. There are two ſights fixt to this 
machine; and often teleſcopic ſights, for great diſ- 
tances. When it is fixt level on a three 
ſtaff, the water will rife-to equal heights in both 
the glaſs tubes, where proper marks or diviſions 
are made to ſhew ir. 

The uſe of theſe is to find a true level, for con- 
veying water, draining fens, &c. 

Spirit Level. 

A ſpirit level, or air level, is a cylindrical glaſs 
tube, very near filled with ſpirit of wine, wanting 
only a drop, and then ſealed. On this, ſights are 
fixt, which ſhould be teleſcopic ſights. When the 
ſights are placed level or horizontal, the bubble or 
drop of air will be in the middle; but when it is 
not level, the bubble will go to the higher end. 

In the beſt ſort, this cylindric glaſs tube, with 
the bubble, is fixt upon the tube of an aſtronomi- 
cal teleſcope, two or three feet long; and ſo ad- 
rl | juſted, 
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S 
juſted, that when the bubble is in the middle, the 
object or mark, ſeen through the teleſcope, is juſt 
level with it. And there is a proper apparatus 
with ſcrews to ſet the whole level; which is known 
by the bubble being in the middle. | 


Scales. 


The ſcales or rulers ought to have ſeveral lines 
of equal 88 upon them; ſome greater, ſome 
leſſer, to ſuit all caſes, particularly diagonal ſcales, 
which ſhew the diviſion of 1 into a hundred parts. 
Thus, we muſt have a ſcale of a chain in an inch, 
a chain in 4 of an inch, in + an inch, &c. B 
theſe we draw a field, or a map or plan, called 410 
a plot or plat. | | 
There are alſo ſcales made that one may prick 
off the diſtances by the edge. 


Line of . Chords, Protraftor, reduci ng Scale, Com- 
| | paſſes, parallel Ruler. 


Theſe are ſo well known, that they need no de- 

ſcription. The chords, and protractor, are for lay- 
ing down angles ; the reducing ſcale, for increaſing 
or diminiſhing a plan or map; the compaſſes, for 
ſetting off diſtances; and the parallel ruler, for 
drawing parallel lines. As to the reducing ſcale, 
it turns on a center 'pin, nearer one end than the 
other. On this are ſeveral lines of equal parts, 
running both ways from the center; and in certain 
given proportions, _ 
There is alſo an inſtrument made with two draw- 
ing pens, ſo that tracing one of them over the old 
draught, the other will, on a clean paper, deſcribe 
it anew, in a leſs or bigger form; being a very ex- 
peditious inſtrument, 


Arrows 
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© Arrows. © 


THEE are ten ſmall flicks; cout a foot: or half 


a yard long, and ſharp at one end, to ſtick in the 


ground at the end of every chain, in meaſuring. 


They may be tipt or piled with iron at bottom; 
and coloured blue and red near the top, .to make 
them viſible, | 70 


Station Staves, and Streamers. 


Theſe are long poles to be ſet up in the angles 
of a field, or in other remarkable places. If they 
be far off, they have moveable vanes or ſtreamers 
placed on them, to be (lid up and down; or 
tied to their tops. And theſe vanes or marks may 


be white, or coloured red or blue, to make them 


viſible at great diſtances. 
Some of theſe poles are divided into links, for 
meaſuring offsets readily. 


The Field Book. 


As it is not poſſible to ſurvey any great quan- 
tity of ground without noting down the particu- 
lars; therefore you muſt have in the field a little 
book, called the Field Book, in which to write 
your ſtations, offsets, angles, lines, obſervations, 
&c. This book you may divide into columns, as 
you think convenient, as will beſt ſait your occa- 
ſions : for there are hardly two perſons that have 
the ſame method for their field notes; however, it 
ought to be contrived in the eaſieſt and moſt in- 
telligible manner; for any method, that lays a bur- 


then upon the memory, is imperfect, and not fit 


to be practiſed. 


This 
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SURVEY IN G. 
This book may be contrived after the following 
manner. Make three columns, the middle one for 
the angles (mark'd <<), ſtations (mark'd ©), the 
diſtances meaſured, and bearings, &c. The two 
columns on the left and right, are for the offsets 
on the left and right, againſt their reſpective diſ. 
tances in the ſecond column; and for ſuch remarks 
as occur. Draw a line under the work at the end 
of every ſtation ; that the workings at the ſeveral 
ſtations may not confound one another, 


Note, in ſurveying with the plain table, you 
need no field book; the whole work being de- 
ſcribed upon it, except offsets, which may be ſet 
thereon, as they happen. 
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The FIELD BOOK. 
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Explanation. | £09) 

© 1 is the firſt ſtation, and the << there is 113 15. 
on the right an offset .26 or 26 links, where Thom- 
ſon's hedge begins; meaſuring to .56 we touch the 


hed ge. 


At 4.13 an offset of 34. At 6.09 an 
offset. 41 at a tree. At 8.00 no offset. On the left, 


at firſt an off. ſet . 12; at 6.09 an offset. 32 where 
there is a croſs hedge. And ſo for the reſt of the 


ſtations. 
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In theſe Tables, each perpendicular column is 
of one denomination throughout. And all the 
5 lateral ones are equal, but or different denomina- 
BY - tions. 
; Note, a pole and perch is the ſame thing, and 
a ſquare chain is — a rape in the 2 being 
the tenth part of an ere. EW 
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The Praclice of SusvevyiNG, containing. 
tbe Work to be done in the Field. 


PR O. I. 
70 take a an angle BAC, or meaſure the quantity of it 1. 
x in degrees. 


\ET up two ſtation ſaves perpendicular, in 

ſome parts of the lines AB, AC, as at B and 
C; and put thereon ſome viſible marks, large e- 
nough to be ſeen from A. Then plant the inſtru- 
ment in the angular point A, or as near it as Dag 
ble. Then, 

1. For an inſtrument with a paper upon it, as 
the plane table, and infallible. Screw the table faſt; 
then direct the index to one mark as B, and turning 
it about, till thro' the ſights you ſee B, then draw 
the line AB by the edge of the index. Then di- 
rect the index to the other mark C, and turning 
it about till you ſee it thro? the fights, then draw 
the line AC by the edge of the index. Then you 
have the angle BAC upon the paper. Here the 
edge of the index muſt be kept all the while upon 
the point A. 

2. For inſtruments with two fixt ſights, and a 


moveable index, as the theodelite, ſemicircle, geo- 


detical ſtaff, & c. direct the fixt ſights along one of 
the lines AB, turning the inſtrument about, till 
thro* the fights you ſee the mark B, there ſcrew 
faſt the inſtrument. Then direct the moveable in- 
dex along the other line AC, and move it about, 


B | till 


Fig. 


— 2 


12 


S U RVR T IN. 6. 


Fig. till thro? the ſights you ſee the mark C. Then the 


degrees cut by the index, upon the graduated limb 
ot the inſtrument, ſhews the quantity of the angle; 
which ſet down in the field book. If the angle be 
obtuſe, you muſt take it by back fights; caufing 
b, c to lye on the other fide of A. 

3. By an inſtrument with a needle. Place the 
inſtrument ſo, that the north end of the needle may 
hang directly over the flower-de-luce, Then direct 
the ſights to one mark as B, and note the degrees 
cut by the needle. Then direct the ſights to the 
other mark C, and note again what degrees are 
cut by the needle. For their ſum or difference (as 
the caſe is) will be the quantity of the angle BAC, 


which ſet down. 


If either mark cannot be ſeen from A, as in the 
caſe of hills, trees, &c. ſet up a new mark in ſome 
place between, from whence both A and the other 
may be ſeen. And to place it in the line, ſhift it 
to the right and left, till both A and the other mark 
appear through the fights, both forward and hack- 
ward; and that is the place of the new mark, which 
may be uſed inſtead of the other. | 

Note, if ſeveral angles are to be taken at one 
point as A; take them all from one and the fame 
line as AB. For by this means, there will be leſs 
danger of committing any error. 


Sen or. 


There is alſo a way to take an angle in the field 
by the chain only; which is this. Take a chain 
length along both ſides AB and AC, as Ab and 
Ac; then meaſure the diftance bc between þ and c, 
and write it down. Then the angle A may be found 
by plain trigonometry ; for it will be as Ab : radius 


: ſo 4 bc: S. 4 the angle A. Or find 0c in the 


table of natural fines, and it ſhews half the angle 
BAC. . 
| ut 


* 


anon. rin G. 


But this method being ſubject to errors, ought Fig. 


not to be practiſed, but in caſe of neceſſity, or for 
want of proper inſtruments. eg 


b R O B. Il. 


To. meaſure a right lint, or any diſtance, upon the 
ground. 


1. Let AB be the diſtance to be meaſured. Set 
up ſtaves with marks upon them, at A, B and C. 
Then the leader of the chain muſt take the ten 
arrows in his left hand, and take hold of the end 


of the chain with his right hand, by putting his 


hand into the ring. Then let him go from A to- 
wards B, drawing the chain after him; and as he 
goes, let him take an arrow into his right hand 
ready to ſtrike down. The follower muſt ſtand at 
A, having hold of the other end of the chain in his 
right hand; and cauſe the leader to go always along 
the right line AB, till he comes at the ſtretch of 
the chain; then the follower muſt hold his end 
cloſe to A, and the leader, ſtretching the chain 
ſtreight, muſt prick the arrow upright into the 
ground, at the very end of the chain. Then he 
muſt go forward, and take another arrow into his 
right hand; and when the follower comes to the 
arrow ſticking in the ground, he mult ſet the end 
of the chain cloſe to it, and take it up with his 
right hand; whilſt the leader, at the ſame time, 
pulls the chain ftreight, and pricks in another ar- 
row; and then proceed as before; and whilſt the 
follower is going, he mult put the arrow into his 
left hñand. Thus at the end of every chain, the 
leader puts down an arrow, and the follower takes 
one up. And thus they go on, till they come at 
B, the end of the line; and then the follower muſt 
reckoa his arrows, for there will be ſa many chains; 


B 2 N and 
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Fig. and if any thing to ſpare, ſee how many odd links 
2. reaches from the laſt arrow to B; and ſet all down, 
the chains in whole numbers, and the links in de- 
cimals. | 2 

If all the arrows are gone before the leader gets 
to the end at B, he muſt come back for the ten ar- 
rows; and the follower muſt ſet his toe at the place 
where the laſt ſtick or arrow was; till the leader, 
pulling the chain ſtreight, puts in another ſtick; 

and then proceed. In great diſtances, you will 
have the arrows to change ſeveral times; then you 
muſt note the number of changes, which will be 
eaſieſt done thus. Put 20 ſmall ſtones in your 
pocket, and at every change of the arrows (that is, 
at every 10 chains) remove a ſtone into another 
pocket. And at laſt, counting the ſtones removed, 
you will have the number of changes; where 8 
changes make a mile. And then the whole length 
muſt be ſet down in the field book. 

In going from A to B, the leader muſt always 
keep his eye on the mark at B, and keep in the 
line AB, ſo as to cover the mark at B from the 
follower. | EEO 
At the end of the line AB, and at the end of 
every change, count all the arrows in both parcels, 
to ſee if they both make ten; if they do not, one 
has been dropt, and the diſtance muſt be meaſured 
over again. ORE c ge 
2. In meaſuring to or from any hedge, you muſt 
account 5 links, Nom the roots of the quicks, on 
that ſide where the gutter is; and that will be the 

boundary; but in walls, the oucſide is the boun- 
'dar a 13 * N | 
'Y be When the mark at B cannot be ſcen from A, 
then ſet up a mark in ſome place between, from 
which both A and B may be ſeen; and this place 
may be found, by the inſtrument, placing it there, 
and removing it, till A and B both appear through 
b | "W ttc 


* 
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the ſights backward and forward. And if one will Fig. 


not do, ſet up two or three marks after the ſame 2. 
manner. | 

4. If the diſtance be very great, as amounting 
to ſeveral miles, then the eaſieſt way is to meaſure 
it with the wheel; in which there are ſeveral in- 
dexes, ſhewing how many miles, furlongs, &c. 
have been paſſed over. But this is not ſo exact as 
the chain. 

5. Great diſtances alſo may be meaſured exped1- 
tiouſly, by the firing of great guns in a dark night; 
and obſerving with a watch or a pundulum vibra- 
ting ſeconds, how many ſeconds there are between 
the flaſh, and the report of the gun. For that 
number of ſeconds multiplied into 1142, gives the 
number of feet in the diſtance. But this is not fo 
exact as the former methods. 

6. If the line you meaſure is not horizontal, but 
riſes or falls; and you want the horizontal length. 
Then with a quadrant, you muſt take the eleva- 
tion or depreſſion of that line; and then the hori- 
zontal length may be found by trigonometry. 

Or in deſcents, or going down a ſteep place, you 
may find the horizontal level thus. At the top, 
ſtretch out as much of the chain as you can hori- 
zontally, and let a ſtone fall from that point of the 
chain, and where it. falls, ſet that point of the 
chain; and ſtretch out another part of it horizon- 
tally, from which let fall another ſtone, which will 
ſhew another place to hold at again horizontally ; 
and proceed thus to the bottom. Then the ſum 


- all theſe parts of the chain is the horizontal 
inc, 
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P R O B. III. 


To meaſure offsets, and find their ſituation npon any 


right line, 


Let AB be any right line, and Aoegh a crooked 
hedge; co, de, fg, Bb, &c. ſeveral offsets, to be 
meaſured. From every angle or ſenſible bend of 
the hedge, as o, e, g, &c. let perpendiculars be 
ſuppoſed to fall on the line AB, as at c, d, f, &c. 
which points may be taken near enough, by the 
eye, if the offsets are not very large; but if they 
are, it muſt be done by the inſtrument. To this 
end, you muſt have a croſs line upon your index, 
perpendicular to the viſual ray. Then as you mea- 
fure along the line AB, when you come at c, ſet 
down the length Ac, and meaſure the offset co; 
and to know when you are at the point c, place 
your inſtrument about c, and look thro” the ſights 
to A and B, and if you can ſee both A and B, 
looking back and forward, then you are in the 
line; if not, the inſtrument muſt be removed till 

ou can ſee both. The inftrument ſtanding thus, 
ook along the croſs line on the index, and if it 
run directly to a, then c is the point where the off- 
ſer falls; but if it point not to o, the inſtrument 
muſt be removed back or forward in the line AB, 
till it does; whilſt the ſights ſtill point to A 


and B. 


Proceeding forward, find the points d and 7, &c. 
in the ſame manner, where the offsets de, fg, &c. 
fall; and meaſure the offsets as you go along. And 


care mult be taken to go in the line AB; and that 


at each point d or , the ſights may point to A and 


B, at the fame time that the croſs line points to e 


or g. Then all muſt be ſet down in the field book, 
as you meaſured them'; that is, both the diſtances 
along 


Seck, . 8 U R VE TIN G. u7 
along the ſtationary line, and the correſponding Fig. 
offsets, which will be as follows. . 


| right hand. | 
© A 0 


Fiir 
Ad = 3.42 a3 = 6 
-1Af. = 4-27 | 81 = 
LAB = 4-45. 4: +47, = BY 


Cor. After the ſame manner, if Aoegh be an irregu- 
lar curve; eres 3, 4 or 5 (equidiſtant) ordinates or off+ 
ſets, at c, d, f, &c. and meaſure the baſe AB, and 
the offsets as before, | | 
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Pp R O B. IV. 


To draw a ſtreigbt line on the ground, from one 
place A, to another B. 
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1. Take a long cord, and faſten one end at A, 4. 
and carry the other end towards B; if it will reach 
thither, ſtrain it tight, and faſten it at B. Then 
either pin down the cord, to the ground; or elſe, 
which is better, make a trench along the line with 
a ſharp ſpade, and that will be your line. 

2. If the cord will not reach to B; let ſame bod 
draw the cord ſtreight towards B, which Apple 
will reach to C; and there let him hold a ſtake up · 
right; and moving it to and fro, ſet it at laſt, that 
A, C and B may hide one another, when ſeen from 
A or B; then A, C and B will be in a right line. 
And after this manner ſet one length after another, 
till you come at 83. 

3. If there happen to be any hill or rifing ground 3. 
in the way, that one place cannot be ſeen from the 
other; then perhaps, a very oo pole may be ſet 
up in one of the places, and be ſeen at the other; 
and then proceed as before, But if this cannot be 

| B 4 | done, 
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Fig. done, ſet up two or more ſtakes in the way, as C, 

5. D, &c. and let them be ſo placed by trials, that C 

ſeen from A, ſhall cover D; and D ſeen from C, 

ſhall cover B or the next ſtake, and ſo on to the laſt. 

And note, in directing one another, no words muſt 

be uſed, but only ſigns of the hand; for it is ſup- 
poſed to be too far off, to hear any directions. 

But if you have an inſtrument with back fights 

as well as fore ſights, fix your inſtrument ſo between 

A and B, that you may ſee both of them, through 

back ſight, and fore ſight, and there you muſt place 

a ſtake as at C; but if A and B cannot both be 

ſeen from C, ſet it by gueſs, and another D alfo 

by gueſs, and ſo on. Then try them, and ſhift 

them, till A and D appears from C; and C and B 

from D, &c. by back ſight and fore ſight; and then 

they are all in a line. 


PROS V. 


To raiſe a perpendicular upon a line AB, at a given 
point A, upon the ground, | 


6. Take a ſquare, or rather a graduated inſtrument 
with ſights, and placing it at A, direct the ſights 
of the inſtrument, or the ſide of the ſquare along 
AB, and fix the inſtrument. Then turn the ſights 
to go degrees, and look thro' them along the line 

Ab, and let ſome perſon ſet a ſtake forward, as at 
D. Then DA is perpendicular to AB. If you uſe 


a ſquare, you muſt look along the other ſide of the 
ſquare, to find a point, as D. 


Or thus. 


Set off 40 links from A to B, and 5o links from 
B to D, ſo that 30 links may juſt reach from D to 
A. Then DA is perpendicular to AB. 


For 


S'URVEY.1N:' G. 
For then the triangle BAD is right angled at A. Fig. 


For the ſquare of the hypothenuſe BD is equal to 6. 
the ſum of the ſquares of the two ſides, BA, AD. 


Sect. 1. 


P R O B. VI. 


7 o let fall a perpendicular from a given point D, 
upon any line AB, upon the ground. 


19 


Set an inſtrument ſomewhere about A, in the line 6. 


AB; and a mark at B; then directing the ſights 
along AB, fix the inſtrument. Then turn the in- 
dex to 90 degrees, and if you ſee D thro! the ſights, 
you are in the perpendicular. If not, move the in- 
{trument back and forward in the line AB, till you 
can ſee D, with the index ſet to go degrees ; z the 
inſtrument having the poſition before deſcribed ; 
that is, directed to B; then DA is a perpendicular. 
This may be done in a few trials. 

A ſquare will perform the ſame thing 3 moving 
one fide along AB, till the other fide point to D, 
as at A. 


PR O B. VII. | 
To lay down a given angle on the ground, as CAB. 
Set up a ſtake ſomewhere in the line AB, as at B; 


then place an inſtrument at A, and direct the ſights 
at the beginning of the degrees, to B; then fixing 


the inſtrument, ſet the index to the degrees of the 


given angle; as DAE, and looking along the in- 
dex AD, cauſe ſome aſſiſtant to ſet up a ſtake in 
the line ADC, as at C; then the angle CAB will 
be that required. 


By an inſtrument with two legs; ſet it to the gi- | 


ven angle, and placing it at A, direct one leg AE 


another 


along the line AB, to the ſtake at B; and ſet up 
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Fig. another ſtake in the line AC, as at C, in the di- 
7. rection of the other leg AD. 


PR O B. VIII. 


Thre' a given point C, to drawn a line parallel to 
a given line AB, on the ground. 


8. Meaſure the neareſt diſtance of the given point 
C from the line AB; and at a convenient diſtance 
from A, as at B, raiſe the perpendicular BD to the 
line AB. Set the length AC from B along the 
perpendicular to D, and draw CD, which will be 
parallel to AB. 


Or thus. 


Take any ſtation B in the line AB; and with a 
roper inſtrument, meaſure the angle ABC. Then, 
= the laſt Prob. lay down the angle BCD equal to 
ABC; draw CD, which will be parallel to AB. 
Or at any point A in the line AB, take the an- 
gle CAB; then going to C, ſet off the ſame angle 
ECD, to D; E being in the line CA. | 


Otherwiſe thus. 


Set up a ſtake at C, and another at any place as 
A, in the line AB. And let two obſervers hang 
up two lines and plummets at D and B. Then let 
the obſerver at B take notice when the ſun, or ſome 
ſtar (agreed on between them) comes in the line BA; 

and at that inſtant give notice to his correſpondent 
at D, to ſet his line and plummet ſo, that D and 
C may be in a line with the ſun or the ſame ſtar. 
And then CD is parallel to AB. It will be beſt for 
the obſerver at D, to keep his line and plummet 
always in a line with C, and the ſun or ſtar. 


PR OB. 
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| Fig. 


To meafure the horizontal baſe of a Hill, as BC. 


Let BAD be a horizontal line, CA a perpendi- 9. 
cular from the top, BC the ſlope or ſide of the hill. 
Set proper marks up, and with a proper inſtrument, 
take the elevation, that is, the angle ABC or ACB; 
and one being given the other is known, Then 
meaſure with a chain the ſide CB. And it will be, 
as rad: BC: : S. angle BCA: to BA. 

If the hill has different declivities in ſeveral places, 
take the angles in theſe ſeveral places, and the ſide 
of each part, as before. Then find the baſe of 
each, by the ſame operation; and the ſum of all, is 
the whole baſe. , | 

All this may be done by rule and compaſs, by 
laying down the triangle BAC, or the ſeveral parts 
thereof. ” 

If there be likewiſe a deſcent on the other ſide, 

as CD; you may find the part AD in the ſame man- 
ner as before. Or proceed thus, take the an 
at B and D, and ſubtract their ſum from 180 gives 
the angle BCD; or the angle BCD itſelf may be 
meaſured ; and meaſuring either. ſide of the hill as 
BC, then, as S. angle D: BC : : S. angle BCD: BD 
the Whole baſe. | - 


Cor. By the ſame method the beight of the hill CA 
may be found. For it will be, as radius: BC:: 
S. angle ABC: height CA. 
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Fig, : 
P R OB. X. 

To reduce a field to fewer fides in the field, where 


an angle is very ovtuſe, or when one of the fades is 
very ſhort.” e W | 


10, Let DEFKCBAD be any field, which here con- 
ſiſts of ſeven ſides. Then, | 

1. Suppoſe ABC 1s a very obtuſe angle or bend- 
ing, which 'we want to take way. Produce the 
longer ſide of the angle CB to cut the fide AD 
3 the other ſide), at G; then take the 
point I, fo that it may divide the line GA, in the 
ſame proportion, as B divides GC ; that is, fo that 
GI may be to GA, as GB to GC. And as GA is 
in this caſe very ſhort, this may be done by the eye 
exact enough, for the moſt part; or as exactly as 
the two points A and B can be determined. Then 

draw the line CI, and leaving out the angles B and 
A, the two lines CB, BA are reduced to one CH, 
and the field conſiſts of one - fide leſs than before. 
And the ſame may be done with the angle FED, 
by producing FE till it cut AD, and finding the 
point Q as I was found before. 

2. Suppoſe ED a very ſhort ſide. Stand at D 
the end of the ſhort fide, and obſerve, directly o- 
ver the angle F (the next but one), ſome very re- 
mote object, as a houſe, tree, mountain, ſun, moon, 
ſtar, cloud, &c, Then immediately remove along 
AD, till you ſee the ſame object directly over E; 
at that place Q, put in a ſtake or ſome mark. Then 
leave out the angles E, D, and take Q inſtead 
thereof. And the two ſides FE and ED are redu- 
ced to one F NY which takes away another fide of 
the field. And the ſame thing may be done with 
the fide BA, by obſerving the ſame remote object 
from A over C, and from I over B. 


The 


fewer fades. 


K SO RVE TIN . 


parallel; and therefore the triangle CBA is 


to CIA; and the triangle FED is equal to FO. 
Cor. This method is very uſeful, when toe meet 
with a field with crooked hedges, by reducing it to 


For by this means we have the lame quantity of 
round, and fewer hedges. For the lines CI and 


Q take in as much as they leave out, 


8 n O. 


When any fide of a field is very irregular, you 
may draw a ſtrait line inſtead of it, which ſhall take 


in as much ground in ſome places, as it leaves out 


in others; and ſo does not alter the quantity of it. 
And this way (of giving and taking) ſhortens the 
work ; and ſuch a line may be drawn as exactly by 
the eye, in moſt caſes, as the boundaries them- 


ſelves can be aſcertained. 
P RO B. XI. 
To ſurvey a triangular field ABC . 
* 1. By the Chain. © 


Set up ſtation ſtaves at the angles A, B and C- 
Then meaſure with the chain from A to C; and 
when you come at P, where the perpendicular BP 


falls, ſet up a ſtake there. And the point P is ea- 


ſily found, for as you go along from A, ſet your 
inſtrument where you think the perpendicular will 
be, then look thro” the ſights back and forward, to 
ſee that you be in the line AC; that done, look 
thro? the croſs line upon your index, and if you ſee 
the vertex B, then you are at the place P, where 


the perpendicular falls. But if B does not appear, 


you 


23 


The reaſon of this proceſs is this; the lines AC Fig. 
and IB are parallel; and the lines DF and QE are 10. 
equal | 


11. 
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11. till B can be ſeen along 


12. 


s UR VE TIN G. 


you muſt move back or forward in the line AB, 
the croſs line, as at 5 
Then having meaſured AC, and ſet it down; 

to P and meaſure the perpendicular PB, and 
it down likewiſe. And thus you have the baſe and 
perpendicular, which is ſufficient for finding the 
content. 

Or meaſure all he three ſides AC, CB, BA, 
ſeverally, with the chain; and note them. « down. 
Then the triangle may be laid down, and the con- 
tent caſt up by Sect. II. 


2 By taking one or more angles. 
Ml-eaſure two ſides AC and'CB, and the angle 
included ACB; by which the triangle may be def. 


cribed. 


Or meaſure one ſide Ac, and two angles A and 
C, then the third angle B will be knowa. 

Or, if you. cannot get the angle C; take any 
1 D in the baſe AC, where take the angle 
ADB, and meaſure AC and DB) and then it may 
be caſt up by Sec, II. 


P R 0 B. XII. 
70 ſurvey a field i in fern of a tradezium, 


I. By the Chace | 


Set-up ſtation ſtaves with marks or freamers, at 
all the corners A, B, C, and D. Then chooſe 
one of the diagonals AC or DB to meaſure, let it 
be DB; it ought to be ſuch a one, as that you can 


ſee the mark at B from D, or the mark at D from 


B; and likewiſe the marks at A and C from the 
diagonal DB; and likewiſe the perpendiculars AF 


and CG ſhould fall within the figure. 


Begin at D, and meaſure along the diagonal DB 


in a right line, till you come at the place of the 


Perpe N- 
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ndicular AF, which will be known, by look- Fig. 

ing back ward and forward thre the ſights to D and 12. 

B and then looking along the croſs line to ſee A 

removing the inſtrument, till A can be ſeen. Then 

at F put in a ſtake. Then meaſure forward, and 

find the place G of the other perpendicular GC as 

before; and put in another ſtake at G. Then mea- 

ſure to the end B, and ſet down the length DB. 

Then = F or to A, and meafure the perpendi- 

cular FA, and ſet it down. Laſtly, go to G, and 


meaſure” the perpendicular GC, and ſet it down, 
heſe the content will be 


with the reſt, And by t 
found. 2 
Diagonal DB — 8.37 
i perp. AF — 5.18 - 
2 perp. GC * 4.86 
Wy I Otherwiſe, by the Chain. 
Draw a rude draught of the field to imitate it, 
upon paper; and having ſet up marks at all the 
corners, draw a diagonalas DB upon your draught, 
Then begin at any angle D, and meaſure all the 
ſides round about to D again; and then the diago- 
nal DB; and ſet them all down as they are mea- 
ſured, upon the correſpondent lines of your draught. 
Then from theſe meaſures, the field may be laid 
down upon paper; and the content found, by Sect. 
1 . 2 | 
In meaſuring this way, it is beſt to take the ſhort- 
eſt diagonal. - 1 
2 Or bus, by the Chain. 3 | 
Marks being ſet up at A, B, C and D. Find the 13. 
interſection E of the diagonals AC, DB; thus, 
place the ſtaff and index at E, and if you can fee 
D and B forward and backward, and allo A and C 
forward and back ward, thro* the ſights, then E is 
the interſection ſought. But if not, ata” | 
2 > 
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Fig. ſtaff, till you can ſee them all; which is ſoon done 
13. by a few trials. Then meaſure the lines in this or- 
| der, AE, EC, CB, BE, ED, and DA (for proof), 
with the chain. And write their lengths on their 
proper lines, in a rude draught of the field. From 
_ theſe meaſures, the field may be laid down, and the 

content found, by Sect. II. | 

In all theſe methods, there is no occaſion for any 
inſtrument {beſides the chain), but an index with 
two ſights and a croſs line, and a ſtaff to ſet it on; 
whoſe uſe is to make you go ſtrait, by trying fore- 


ſight and back fight ; and for finding the perpendi- 
culars, when they are required. 


2. By taking an Angle. 
Having ſet up marks at all the corners ; find the 
interſection E, of the diagonals in the field, as in 
the laſt method. Then fixing the inſtrument at E, 
take any one of the angles at E, as AEB, and ſet 
it down. Then meaſure the diagonals AC and BD, 


and ſet them down. Then by theſe, the content 
will be found, by Sect. II. y E 


Angle AEB, 66* 20 


AC, 7. 54 
DB, 6. 17 


Or thus, by taking ſeveral Angles. 
Make a rude draught of the field upon paper, 
and draw one diagonal as DB, which meaſure and ſet 
down in thedraught. Then with the inſtrument, take 
the quantity of the angles, DCB, CDB, and ADB, 
DAB; and ſome other angle or ſide for proof; and ſet 
all theſe angles down in the draught. Then by means 
of theſe, the field may be laid down on paper, and 
meaſured. * *g; 

Note, it does not ſignify whether your eye draught 
be true or falſe, provided all the lines lay but in 


their 


Seck . 8 U RVE TIN G. 
their right poſition; for the conſtruction at laſt 
will make all right. | 94 7 

an ene end. | 

As the ſurveying a triangle and a TOs is 


w—_ 
Fig. - 


13. 


the foundation of ſurveying all other ſorts of fl- 


ures, 1 have been very particular in ſhewing dif- 
ferent methods. 


For all plane figures muſt be di- 


vided into triangles and trapeziums before they 
can be meaſured; and therefore the learner ought 


to have a good notion of theſe. 


PR O B. XIII. 
To ſurvey any field by the chain only. 


Let ABDF be the field propoſed. Set up ſta- 
tion ſtaves, or any long ſticks, with marks or ſtream- 
ers on them, in every corner of the field; pieces 
of white or red rags will do well enough, it they 
can but be ſeen, the breadth of the field. And as 
you walk over the field, conſider how it may moſt 


14. 


commodiouſly be divided into triangles or trapezi- 


ums, ſo as to be eaſieſt meaſured. It muſt be fo 
divided, that you may ſee from one end to the o- 
ther, of any diagonal of a trapezium, or baſe of a 
triangle; and likewiſe ſee the tops of the perpen- 
diculars, which muſt fall within the figure. Here 
the field is divided into two trapeziums FCDE and 
FCBG, and a triangle BGA. Here we might have 
divided the field into the two trapeziums ABCG 
and GFEC, and the triangle ECD; and a great 
many other ways. | 
Having ſet out the parts of the field, as you de- 
ſign to meaſure them; begin at any part as FEDC, 
and meaſure along the diagonal FD, till you come 
at the perpendiculars IC and HE, which I have 


ſhewn how to find in the laſt Prob. there put ſtakes 
3 in. 


„ 


* 


28 Serre. 
Fig. in. When the diagonal FD is meafured, and ſer 
14. down, go to E and meaſure EH, and then IC, and 
ſet them down; and then you have the firſt trape- 
Som. 5 
Being at C, meaſure along the diagonal CG of 
the trapezium CFGB, till you come at the per- 
pendiculars LB, KF, to ſet marks, whole places 
are found as before ; then meaſure to the end, and 
ſet down the diagonal; then go to F, and meaſure 
the perpendicular FK, and then LB, and ſet they 
down. So you have the cond trapezium. 
Being at B, meaſure along the baſe BG to the 
perpendicular NA, and put in a ſtake at N. Then 
meaſure to G, and ſet down the baſe BG, and laſt- 


ly, meaſure the perpendicular AN, and ſet it down; 
ſo you have the triangle BGA, 


The reſult of the work. 
| I. Trapezium. "gl 
The diagonal — 11.88 
1 perpendicular 3.84 
2 perpendicular — — 2.52 
2. Trapezium. 
The diagonal — — 12.00 


x perpendicular — 4.47 

2 perpendicular — 3.72 
Triangle. | 

| Baſe — — 10. 56 

Perpendicular — 3.32 


In meaſuring any of the lines, take care to go 
very ftrait ; otherwiſe the perpendieulars will be ei- 
ther too ſhort or too long, by going out of the line. 
But when the perpendiculars are near rogether, as 
HE, IC, the going out of the line cauſes little er- 
ror; becauſe one gains what the other loſes. 5 

e 5 en 
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When the perpendiculars are not very long, the Fig. 
places where the perpendiculars fall may be taken 14. 
true enough by the eye, without an index; for a 
ſmall error in the place, makes no ſenſible diffe- 
rence in the length. 


Otherwiſe thus. 

Let ABCDE be a field; from any angle of the 3. 
field as D (from which all, or moſt of, the other 
angles ma) be ſeen), ſuppoſe lines drawn to the o- 
„ther angles, as A and B; which will divide the 
whole field into triangles; and marks being placed 
at theſe angles; take an eye draft of the field, thus 
divided into triangles, Then meaſure all the ſides 
of every triangle, and ſet them down in the draft, 
along their reſpective lines. Thus, meaſure DE, 
EA, AD, 1n the triangle ADE ; then DB, BA, in 
the triangle ABD, then BC, CD in the triangle 
BDC. Having got all theſe meaſures, every tri- 
angle may be drawn upon paper one by one, and 
ſo the whole field will be laid down. And your 
rough draft will inform you, how to join the trian- 
gles together. | | 

If the other angles cannot be ſeen from any an- 16. 
gle, then you mult take a point about the middle 
of the field as F, from which all the angles A, B, 
C, D, E, can be ſeen. And ſetting up marks at 
theſe angles, and ſuppoling lines drawn to them 
all from F, take a rough draugat of the field as 
uſual. Then meaſure all the ſides of every trian- 
gle one by one, and write down their lengths, as 
you meaſure them, along their correſpondent ſides 
in the draft. And then they may be all laid down 
on paper as before. en 

oe, the fewer triangles there are, the ſooner 
they are meaſured; and therefore it is ſooneſt done, 
when the field is divided into triangles from ſome 
angle, as in the former method. For the leaſt num- 
ber of triangles, any * can be divided * " 
$ eſs 


30 


10. 


15. 


Pc 
Fig. leſs by 2 than the number of ſides of the figure, 


when the diviſions run from an angle; and the di- 
agonals leſs by 3. Bur when the diviſion 1s made 
from a point within; the number of triangles, and 
number of lines, is equal to the number of ſides. 

For proof of the work, ſome line or diagonal, 
ſhould be meaſured over and above. | 

If you have not a rough draft, meaſure round 
the field, AB, BC, CD, &c. and ſet them down 
in a table, Then meaſure the diagonals AD, BD, 
which ſet down in a table; or meaſure FA, FB, 
FC, &c. and ſet down. But take notice what way 
you go about the field, 


PR O B. XIV. 
To ſurvey any field by the plain table. 


Set up marks at every corner of the field, 
ABCDE, except the corner, where you take your 


ſtation. Therefore chooſe ſuch an angle for your 


ſtation, from which you can ſee all the other an- 
gles. Then put a clean ſheet of paper upon your 
table and fix it at the angle D, fo that the needle, 
if it have one, may hang juſt over the flower- 
de-luce. Then apply the index to D, and direct 
the ſights to E, and by the edge of the index, 
draw the obſcure line DE upon the paper; mea- 
fure DE, and ſet it off (from your ſcale) from D 
to E. Then turn the index about, till thro' the 
fights you can ſee A, the fide of the index till 
being at D. Then draw the line DA ; meaſure the 
diſtance, and ſet it from D to A. In like manner 
direct the ſights to B, C, &c. and draw lines upon 
your paper; and meaſure the diſtances DB, DC, 
&c. and ſet them from D to B, C, &c. upon the 
paper. Laſtly, draw the ſides of the field DE, EA, 
AB, BC and CD; ſo your draught is finiſhed. 


Ot ber- 
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When there is no angle from which all the reſt 
can be ſeen, take a ſtation in the middle of the field, 
as at F; from whence all the angles can be ſeen. 
Then ſet up marks at every corner, and plant the 
table at F; and turn it about till the needle hangs 
over the flower- de- luce, and there fix it. Then place 
the index on the point F, and direct the ſights to 


38 
Otherwiſe thus. | Fig. 


16. 


A, and draw an obſcure line by the edge of the in- 


dex upon the paper. Then direct the ſights to B 
(ſtill keeping the edge of the index cloſe to F), and 
draw a line. In like manner direct the ſights to 
C, D and E, and draw lines to C, D, E. Then 
meaſure all the diſtances, in this order FA, BF, 
FC, DF, FE; and with your compaſſes ſet the diſ- 
tances on their proper lines from F to C, D, E; 
and laſtly, draw the boundaries of the field AB, 
BC, CD, DE, EA. Yorks 


Or thus, by going round the field. 


- Suppoſe ABCDE a wood or pool of water. Plant 
the table at A, and chuſing a point on the paper 
near the edge as A, lay the index upon A, and di- 
rect the ſights to E, and draw a black line as AE; 
then meaſure the diſtance AE, and ſet it from A to 
E on your paper. Then the table remaining fixt, 


turn the index about, and direct the ſights from A 


to B, and draw a line as AB; meaſure the diſtance 
AB, and ſet from A to B on the paper. 

Then remove the table to B, and lay the index 
upon the line BA; and turn the table about, till 
thro* the ſights you ſee the mark A. Then fix it, 

and direct the fights from B to C, and draw the 


line BC; then meaſure it, and ſet it from B to C 


on the paper. 


Then remove the table to C, and laying the in- 
dex on the line CB, turn the table about, till you 
ſee the mark B; then direct the ſights from C to D, 

2 E 


and 
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g. and draw a line CD on the paper; meaſure CD, 


Fi 


7 = 
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15. and ſet it from C to D. In like manner remove to 


D and draw DE, and then to E and draw EA. Ob- 
ſerving at every new ſtation, to lay the index upon 
the line laſt drawn, and turn the table about, till 
the index point to the laſt ſtation, For by this means 
the table 1s always placed in the very ſame fituation, 
at every new ſtation ; ſo that all the lines on the ta- 
ble will then be parallel to the reſpective lines in 
the field. Having thus drawn all the fides of the 
field upon your paper, the draft is finiſhed. 

Therefore to prove your work, when you are 
come to any new ſtation, and has fixt the table, 
turn the index to any former ſtation, or to any an- 
gle of the field. or to any known object; and it will 
paſs thro* the ſame point in the table that repreſents 
it, if the work is right; and if it do not, there is 
ſome error committed, which muſt be rectified. 
Therefore let all your marks ſtand to the laſt, to 
obſerve by. | 

Care muſt be taken, that the table be not moved 
out of its place, till the work at any one ſtation be 
quite finiſhed. Therefore obſerve at firſt, what ob- 


ject the index points to, when laid upon ſome cer- 


tain line on your table; for it muſt point to the 

ſame object at laſt, when laid on the ſame line. 
When any very large champion field is thus to be 

meaſured, 1t would require the paper to be often 


changed; to prevent this, uſe the following method. 


Place the table at every angle, and draw lines as 
before directed; and meaſure the ſides, but do not 
ſet the meaſured diſtances upon theſe lines, but on- 
ly write down the length upon every line. There- 
tore theſe lines may be drawn as long or as ſhort as 
you will; and therefore need not run off the table. 
And when this comes to be laid down, you muſt 
make all the angles equal to thoſe on the table, .and 
all the ſides of ſuch length as is written upon 8 

N | | taken 
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taken from a proper ſcale; ſo you ſhall have the Fig. 

true plan of the field, 15. 
hen a field has many ſides, the method of mea- 

ſuring round about it, with the plane table, will 

be ſubject to errors, by reaſon there are ſo many 

angles to be taken, and always from different lines, 

which multiplies the error. 
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To ſurvey a field with the infallible. 


Firſt, from a point within it, or at any angle, as 1 ”. 
ſuppoſe at S. Set up marks at all the corners of 18. 
the field, as at A, B, C, D, &c. and having aſ- 
ſumed the ſtation S8, there fix the inſtrument 50. 
with the paper of obſervation upon it. Then direct 
the index to the angle A, and from the center of 
the inſtrument draw by its edge the line 1, the ſame 
way the angle A lies from S. Then meaſure the 
diſtance SA, and write that diſtance on the line 1. 
Then direct the index to B, draw the line 2 from 
the center of the inſtrument, the ſame way that 
B lies from S; and meaſure the length SB, and 
write its length on the line 2 upon the paper. In 
the ſame manner, the inſtrument till remaining 
fixt, direct the index ſucceſſively to all the angles 
C, D, E, F, G; and draw as many lines 3, 4, 5, 
6, 7, by its edge, upon the paper; and write 
thereon their reſpective diſtances SC, SD, &c. mea- 
ſured with the chain. Thus we find SA 16.20, 
SB 10.12, SC 14.68, SD 12.90, SE 7.25, SF 8.84, 
and SG 14.65. Then all the lines 1, 2, 3, &c. 
will be parallel to the lines SA, SB, SC, &c. of 
the field. And the work is ready for lying down. 
And the proceſs had been the ſame, if the ſtation 
had been in any angle. | 


l * 

: 4 
mw 
l F 

. ! 
: i 
y 
RH 
\ 
[1 0 
i 
| j ” 
| | 
J 
* 9 
. , , " 

: . i 

: 1 

= 

Ii! 

x 

1 N 

I 

: 4 

U T 

N b 

* + 

l | 4 

1 1 
1 

1 BR 

on 

. Y 

: 4] [1 

A \ | 

. 4 


jg ___ Other-+ 


34 

Fig. 
18. 
19. 


SUR VE: ENG 


Otherwiſe, by going round the field. 

Place the inſtrument at any angle A, and di- 
re& the index to B, and from the center of the 
paper draw the line 1, the ſame way from the 


center that B lies from A. Screw the index faſt 


upon the line 1, and remove to B, and as you go, 
meaſure AB, and write its length on the line 1. 
Then fix the inſtrument at B, and turn it round 
till the index (by backſight) point to A; there ſcrew 
the table faſt, and direct the index to C, and draw 
the line 2 by its edge upon the paper, to lie the 
ſame way from the center, that C lies from B. 
Then ſcrew faſt the index to the line 2, and re- 
move to C, and as you go along meaſure the ſide 
BC, and write its length on the line 2. Fix the 
inſtrument at C, and turn it round till the index 
point backward to B; then turn the index to D, 
and by its edge draw the line 3, and ſcrew it faſt, 
After this manner proceed to all the angles D, E, 
F, G; always obſerving, to fix the index upon the 
line laſt drawn, and when you come at the next 
angle, to fix the inſtrument, that the index ma 

point backward to the laſt ſtation, and then direct 
the index to the next ſtation; and in going along, 
meaſure each ſide, and ſet it upon its reſpective 
line in the paper. And note, at the laſt ſtation G, 
the index ought to point to A if the work he right. 
Here AB is 13.10, BC 6.18, CD 17.75, DE 10.32, 
EF 10.45, FG 9.00, GA 8.15. And all the lines 


1, 2, 3, &c. will be parallel to the reſpective lines 


AB, BC, CD, &c. 


SCHOLIUM. 


I might now ſhew how to ſurvey a field by the 
theodelite, circumferentor, ſemicircle, geodetical 
ſtaff, &c. but as theſe inſtruments are purely for 
taking angles, the method whereof has been ſhewn 


in the firſt Problem; therefore no particular di- 
rections 


| 
Sorry EY1inG w 


ions need be given further for that urpoſe. Fi f 1 
re Arothents are fit to be uſed, will 9 1 


And when theſe in 1 | 
be ſhewn in the following Problems, wherein are 


explained the different methods of ſurveying any 
field or parcel of ground. a 


PR OB. XVI. 


To ſurvey a Field at one ſtation, by meaſuring ſeveral 
lines. | 


Chuſe ſome angle in the field for your ſtation, 20. 
from whence you can ſee all the reſt of the angles, 
as at S. Then ſet up ſtation ſtaves or marks at e- 
very corner A, B, C, &c. Then placing the in- 
ſtrument at 8, whether it be a Theodolite, Semi- 
circle, Geodetical ſtaff, &c. it is the ſame thing; 
direct the fixt ſights to A, and there fix the inſtru- 
ment; then direct the index to B, fo that thro? the 
ſights you may ſee the mark at B; and the degrees 
cut by the index, will ſhew the angle ASB, which 
ſet down in the field book. Then direct the index 
to C, as before; and the degrees cut will ſhew the 
angle ASC, which ſet down. In like manner take 
the angle ASD, and the reſt, if there be more, 
and ſet all down. And this way is more exact, than 
taking the angles ASB, BSC, CSD, &c. | 
Then with the chain meaſure the ſides and diſ- 
tances in this order SA, BS, SC, DS; ſetting them 


down in the field book, or writing them on the lines 
in a rude draft of the field. 


Or thus, from a point within. 


When all the angles cannot be ſeen from any one 21. 
of the angles of the field; aſſume ſome ſtation S 


within the field, where the angles can all be ſeen; 
there place the inſtrument at S, and directing the 
fixt ſights to A, there fix the inſtrument, and di- 
rect the index to B, and turning it round, till 


thro? the ſights you ſee the mark at B, obſerve the 


degrees 


SE x4 
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Fig. 
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degrees cut by the index, for thatis the angle ASB, 
which ſet down in the field book, or in a rude draft 
of the field. Then the inſtrument remaining fixt, 
direct the index to C, and the degrees cut, ſhew 
the angle ASC. In the ſame manner direct the in- 
dex to all the other corners D, E of the field; and 
you will get all the angles about S, meaſured from 
the firſt line SA, which ſet down. And this is more 


exact, than taking the angles ASB, BSC, &c. ſin- 


gly. But with ſome inſtruments you cannot take 
the angles quite round from the line SA; and there- 
fore you mult then take the angles ſeparate, ASB, 
BSC, CSD, DSE and ESA. And to prove the 
work, the ſum of all theſe angles ought to be equal 


. to 360 degrees. But if the ſtation 8 happens to be 


22, 


upon an eminence, the ſum of all theſe angles will 
be ſomething leſs than 360 degrees. | 

Having got the angles, meaſure all the diſtances 
SA, SB, SC, &c. with the chain. And it is quick- 
eſt to meaſure in this order, SA, BS, SC, DS, SE; 
that 1s, from the inſtrument to the firſt corner, and 
back from the ſecond corner to the inſtrument, and 
ſo on. Still one from the inſtrument, and another 
to it. Then theſe diſtances muſt all be ſet down in 
your book or draft. | | 


Otherwiſe, by meaſuring round the field. 

Take your ſtation, if you can, in- an angle or a 
ſide ; let it be at E. Then marks being placed at 
A, B, C, D; and turning the fixt ſights to A, fix 
the inſtrument; and direct the index to B, and the 
degrees cut will ſhew the angle BEA, which note 
down. Then turn the index to C, and then to D, 
and note down the degrees cut, which are the angles 
AEC, AED. & 

Then meaſure with the chain all the ſides EA, 
AB, BC, CD, and DE; and ſet them down. 


- Here 
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Here if you take all the angles at E ſeparate, the Fig. 
ſam of them all muſt be equal to the angle AED, 22. 
if the work be right. You muſt note whether the 
angles at B, C, E, be acute or obtuſe, 
In all theſe methods, care muſt be taken that the 
inſtrument be not moved out of its place, while 
ou are working; for if it be, your angles will not 


truce, 


PROB. XVIL 


To ſurvey a field, by meaſuring but one line, and 
taking the angles round about. | 


Let ADF be the field; ſet marks up at all the 23. 
corners F, A, B, C, D, E; and chule ſome ſide, 
or ſome diagonal or line, to be meaſured, ſuppoſe 
AF. Then place the inſtrument at F, and take 
the angles AFB, BFC, CFD, DFE ; and note them 
down. Go to A, and take the angle FAB. In 
like manner going round the field, take the angles 
FBC, FCD, FDE; laſtly meaſure FA. Then theſe 
triangles may be laid down upon paper, one after 
another, beginning at the triangle FAB. 

In like manner any other line, as FB or FC, may 
be meaſured inſtead of FA; and then the triangle 
FBC or FCD mult begin the operation. 


Or thus, from a tation in the field. 


Aſſume the ſtation S, and let FS be 'meaſured. 24. 
Place the inſtrument at S, and take all the angles 
round S, ASB, BSC, CSD, DSE, ESF, and FSA. 
Then go round the field, and take the angles SAB, 
SBC, SCD, SDE, SEF, and SFA. From theſe, 
the field may be laid down, beginning at the trian- 
gle SFA. 2 

And any line AS, BS, &c. may be meaſured. 
inſtead of FS; if AS be meaſured, then the con- 
ſtruction mult begin with the triangle ASB. 


Theſe. 
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SURVEYING. 
| Theſe methods are ſubje& to errors, efpecially 
when the number of ſides is very great. 
P R O B. XVIII. 


To ſurvey a field, by the method of circulation, or 
going round it. * 


25. Let ABC DE be the field. In this caſe we muſt 


reduce the field to as few ſides as we can; and 
therefore where there are any ſmall bendings, as in 
crooked hedges, we muſt take offsets by Prob, III. 
Therefore pitch upon the ſtations, a, b, c, d, e, as 
near the hedges. as you .can conveniently come ; 
and at theſe places ſet up ſtation ſtaves with marks. 
Begin at ſome angle as a, and placing the inſtru- 
ment there, take the angle eab, which ſet down in 
the field book. Then meaſure from à to þ; and 


in going, take the offsets at a, and at f, g, b, i, 


nd at 5, and note them down in the field book, 
and the length ab. Then place the inſtrument at 
b, and take the angle c, and note it down; 
and then meaſure from 5 to c; and in your way, 
take the offset at ù, and where you touch the hedye 
at k, and the offset at c; and ſet them down. 
Then at c place your inſtrument, and take the an- 
gle bcd, which write down ; and then meaſure cd, 
taking the offsets at c and d, which write down. 
Again place the inſtrument at d, and take the an- 


_ gle ode, and ſet it down, and the offset at d. Then 


meaſure from d to e; and as you go, note the 
point I where you touch the hedge, and the offsets 
at m and e; and ſet all down. Then ſet the in- 
ſtrument at e, and take the angle dea, and ſet it 
down, take the offset at e, and meaſure from e to 


a4, being a ſtreight hedge, and take the offset at a. 


Set all down, and your work is finiſhed. 
In 
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work, add all the angles together, and the ſum 


as the field has ſides, if the work be right. 

When there are many angles or ſides in a field, 
this method 1s ſubject to errors ; therefore it ſhould 
not be applied, where there ate more than 6 ſides ; 
or at leaſt the field ſhould be reduced to that num- 


will be. For when the number of, ſides is very 


fides,. becauſe every angle is taken from a different 
line; and for that reaſon. the draught will never 


ſhould fall upon the firſt, for we end where we be- 
gun; and when the plan does not anſwer that, it 
muſt be wrong.. 

When you cannot get an internal angle con- 
veniently, produce one of the ſides, without the 
field, and take the external angle. And if all the 
angles be taken externally, the ſum of them all 
ought to be equal to 4 right angles. And if a 
ſide cannot be meaſured directly, it may be done 
by the method of taking inacceſſible diſtances, in 
the laſt Section. | 

If you make uſe of the circumferentor for taking 
angles, you need only place it at every other an- 


needle is made uſe of. 


Otherwiſe, by the needle, 


ground is very great, the method of circulation, 
by taking the angles round it, is impracticable, 


from. In this caſe the needle may be brought in, 
to our aſſiſtance. Ani! here we have no more to 
SY do, 


In your book you muſt note which are inward, F ig. 
and which are outward angles. And to prove your 25. 


will make twice as many right angles, abating 4, 


ber; for the fewer ſides, the more exact the work 


great, the error 1s multiplied with the number of 


cloſe... For when all is laid down the laſt point 


gle. And the like for any inſtrument, where a 


When the number of angles of any piece of 


becauſe there is no fixt line to take theſe angles 
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Fig. 8 but to go from to angle, and take the 

of = the fides, or the angles they make 

_—_ meridian ; and to meaſure the hgh. of 
the ſides. 


286. Let ABCDEFGH be ſome thick wood or pool 
of water, which we cannot ſurvey within. Here 
we muſt take all the boundaries on the outſide, 
and.reduce it to as few fides as we can, for greater 
exactneſs; as in this field, where we have but ; 
ſtations ; but then we ſhall have the more offset; 

to be meaſured. Therefore having ſet up marks at 

a, b, c, d, e, where we take our ſtations; begin 

at any one as a, and placing the compaſs and needle 

there, ſo that the needle may hang over the flower- 
de-luce, take the bearing of the line ab, and ſet 

down what angle it makes with the meridian, and 

which way it lies in reſpect of E. W. N. or 8. 

Then meaſure the length ab to the next ſtation, and 

in going, take the offsets at a, 3, t, and where it 
touches the corner at B; and ſet all down. Then 

place the compaſs at 5, and cauſe the needle to hang 

over the flower-de-luce ; there fix it, and take the 
bearing, of the next ſtation c, or of the line 

c; and then meaſure bc, and then take the offscts 

at 5, f; b, i, and where it touches the corner at 

C; and ſet theſe down. Then place the com- 

paſs at c, d, and e ſucceſſively ; and rake the bear- 
ings of cd, de, ea, as before; and the offsets at 

k, E, d, and at , u, F, p, G; alſo at the corners 

H and A; and ſet them all down in the field book, 

and the work is done. 

Care muſt by taken, that there be no iron near 
the needle, for. that will make it deviate from the 
meridian. And the inſtrument need only be placed 
at every other angle, but then you muſt take the 

| bearings both ways, that is, of both ſides of the in- 
cloſed angle, the one forward, the other backward. 


When 
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When the ſurvey is done, if you lay down every Fig. 
diſtance ſingly, and the bearing, upon paper; and 26. 
from thence get the eaſting, weſting, northing or 
ſouthing, and put them into diſtint columns; 
then the ſum of the eaſtings and of the weſtin 
muſt be equal. And the ſum of the northings e- 
qual to the ſum of the ſouthings; if the work be 
right. For it is no more than working a traverſe 
Fr the land, by plain failing, as it is practiſed at 
ca. 

Thoꝰ this method is not to be relied on, or uſed, 
but in caſes of neceſſity, where there is a great 
number of angles to be taken, by reaſon one can- 
not take an angle with the needle, to any 'great 
exactneſs; yet there is no greater error in king 
one angle, than there is in taking 20, becauſe they. 
are all taken from the meridian, and therefore are 
independent of one another. But if it was poſ- 
ſible to take an angle as exactly with the needle 
as with another inſtrument, it would be the beſt 
inſtrument to ſurvey with. And as it is, it has the 
advantage of other inſtruments in ſuch caſes where 
the number of ſides is very great. The main dif- 
ficulty is, to fix the inſtrument right by help of 
the needle, by which it is to be placed truly in the 
meridian ; and to help this, the needle muſt be 
made very long, and be well touched. In uſing 
other inſtruments, they are fixt, by directing the 
index to the laſt ſtation, which admits of greater 
exactneſs. For all inſtruments with a needle, and 
alſo the plane table, whether it has a needle or 
not, require at every ſtation to be placed in the 
ſame poſition, in reſpect to the meridian, thro” all 
the operations, which is hard to do; for a needle, - 
tho* never ſo good, will not always ſtand at the 
very ſame point,. 
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PROB. xIx. 


7 farvey a field at two ſtations meaſuring only one 
line, . is the atienary diſtance. 


Al two ſtations 8 and T, in the field, 
7 whence all the angles can be ſeen. Then 
ſet up ſtation ſtaves there, and at every angle, with 
ſtreamers of different colours on them. Then place 
the inſtrument at one ſtation 8, and directing the 
fixt ſights to the other T, there fix the inſtrument; 


then directing the index ſucceſſively to the ſeveral 


angles in order, take the angles TSA, TSB, TSC, 
TSD, TSE, TSF; and number them . 
4. &c. for diſtinction, and write them all down. 
And the marks at theſe different angles, ought 
all to be different, to diſtinguiſh them one from 


another. Then go to the ſecond ſtation T, 


and directing the fixt ſights to the firſt ſtation 4 

fix it there; and directing the index to the ſeve- 
ral angles, in the ſame order as before, take the 
angles STA, STB, STC, STD, STE, STF; and 
number them. and ſet chem all down as before. 
To take the angles in the ſame order, you ought 
to know them from one another of the marks; for 
if you do not know which is which, all your work 
will be confuſion. And as you go from one ſtation 
to the other, meaſure the ſtationary diſtance ST. 
Then if all theſe angles be laid down upon paper, 
and lines drawn, the correſpondent lines will inter- 
ſect in the angles or corners of the field A, B, C, 
&c. Then draw the lines AB, BC, CD, &c. 


If the plane table is uſed. 

Draw the ſtationary line ST on the table, and 
ſetting the index to the line ST, direct it to T, and 
fix the table there; and laying the edge of the index 

| to 
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to S, direct it ſucceſſively to all the angles A, B, C, Fig. 
&c. and draw lines from S by the of the in- 27. 
dex. Then go to T, and meaſure the ſtationary 
diſtance ST, which ſet off upon the table. Lay 
the index upon the line ST, and direct it to 8, and 
fix the table ſo. Then lay the edge 75 the index 
to T, and direct it ſucceſſively to the me angles 
A, B, C, &c. and draw lines from T as before; 
and note where the correſpondent. lines (or thoſe 
drawn to the ſame angle), interſeCt ; for theſe will 
be the ſeveral angles of the field. _ 
The two ſtations S and T may be ſometimes ta- 28. 
ken in one of the ſides, as in FE; and then there 
will be fewer angles to take. Or they may be ta- 
ken out of the field, as at 5 and t, as when one is 
not.admitred to come into the ground. And it will 
ſhorten the work, if one or both ſtations are taken 
in the production of the ſides of the figure, as here, 
in AF and DE; and likewiſe if two of the angles 
fall in the ſame right line, drawn from either ſta- 
£10N, | 

Note, the corners of the field thus determined 
by the interſection of lines, will be trueſt, when 
they interſect the neareſt to right angles. But when 
they cut very obliquely as at A, ſuch interſection 
will not give the point exactly; and therefore it 
would be better to meaſure one of the lines, as SA 
or TA. And the error of interſection will be reci- 
procally as the ſine of the angle SAT, ceteris pa- 
ribus. | | 
If it happen that ſome angle cannot be ſeen from 
one of the ſtations; then ſet up a ſtake for a mark, 
in the midway between the ſtation and that angle, 
to ſtand in a right line; which may ſoon be done 
by an inſtrument, placed at the ſtake, taking back- 
ſight and foreſight. Or take a new ſtation, ſo that 
the angle or angles wanting, may be ſeen from this 


and one of the others, and proceed as before. 
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Fig. Thus a map of the chief places in a town may be 
28; made; or any part of a river ſurveyed, &c. by ta- 


29. 


king two ſtations, on two towers, or two high hills; 
and thus inacceſſible places may be meaſured by 
means of ſcaffolds erected, and fixing high poles 
at the angles, with flags of different colours flying 
in the air. 2 

But in ſuch caſes, it is beſt to have but a few 
poles up at once, as half a dozen; and when the 
places of theſe are determined on the draught, fix 
them up in freſh places; and ſo as many places 
as you will, may be determined, by taking a few 
at a time, and repeating the ſame work. 

In uſing the plain table, it ſometime happens that 
the lines run off the table; in this cate, move the 


E ſo far off the table, that the laſt ſtation may 


e a little way upon it. Then take a freſh ſheet of 
paper and glue it to the other, at that ſide with 
mouth glue, and ſo faſten them down. Then lay 
a ruler upon that ſtation and the ſtationary line, 
and prolong it upon the freſh paper. Then lay the 
index upon the ſtationary line, and turn the table, 


till thro* the fights you ſee the laſt ſtation; there 
Ax it, and proceed. wk 


PRO B. XX. 


By means of ſeveral ſtations, to ſurvey a large com- 
mon, a river, a part Ha country, or any hilly ground. 


When all the angles of a field or parcel of ground, 
or all the objects we want to obſerve, cannot be 
ſeen from one place; then we muſt take ſo many 


tations, as will ſucceſſively diſcover them all to us. 


Let ADG be a large common, or part of 2 
country; and A, B, C, D, E, &c. the angles or 
boundaries of it, or any remarkable objects in the 

country, 
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country, as trees, towers, houſes, mills, &c. Take Fig. 
the ſtations 8, T. V, &c. upon ſome hills or e- 29. 


minent places, from which all the angles or objects 
can be ſeen, and at all the places and ſtations, ſet 
ap long poles with marks. Suppoſe the objects 
K, L, A, B, C can be ſeen from S; place the 
inſtrument at S the firſt ſtation, and direct the fixt 
ſights to the ſecond ſtation I, and there fix the 
inſtrument. Then take all the angles round 8, 
as TSK, TSL, TSA, TSB, TSC; and meaſure 
all the diſtances SK, SL, SA, SB, SC, and the 
ſtationary diſtance ST ; and ſet all down. But in 
the plane table, fix the table and direct the index 
from S to T, and draw the ſtationary diſtance ST. 
Then direct ſucceſſively from S to K, L, A, B, C; 
and draw lines on the table. Then meaſure the 
diſtances SK, SL, SA, SB, SC, and ST, and ſet 
them all upon their proper lines. | 
Then remove to your ſecond ſtation T, where 
you can ſee the objects D, E, F, I. Direct the 
fixt ſights to the former ſtation 8, and fix the in- 
ſtrument; then take all the angles from ST, as 
STD, STE, STF, STI; and to the next ſtation 
STV, and meaſure the diſtances TD, TE, TF, 
TI, and TV, and ſet all down. Or in the plane 
table, lay the index on the ſtationary line ST, and 
keeping it there, turn the table about, till thro” 
the fights you ſee the former ſtation 8, there fix it. 
Then direct the index to all the places D, E, F, I, 
and V; and draw lines, on which ſet the diſtances 
as before. 

Then go to a third ſtation V, where you can 
ſee the objects G, H. Then placing the inſtru- 
ment at. V, direct the fixt ſights to T the for- 
mer ſtation, and fix the inſtrument, and take all 
the angles from TV, as TVG, TVH, and to the 
next ſtation, if there be any more; and W 
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the diſtances, VG, VII; and ſet all down. But 


29. in the plane table, lay the index on the laſt ſta. 


tionary line VT, and turn the table about till the 


former ſtation T appear thro' the ſights, there fix 


it. Then direct the index ſucceſſively to G and H, 


and draw lines, on which ſet the meaſured diſtances, 
VG, VH as before. | 

And in general when any ſtationary line is drawn 
on the table, and you come to a new ſtation, lay 
the index upon that ſtationary line, and turn the 
table, till thro* the ſights you ſee the ſtation laſt 
come from, and there ſcrew it faſt, and proceed. 

And after this manner, if there be more objects 
undetermined, you muſt take new ſtatione, and ſo 
proceed, till all is finiſhed. | 

Then from -all theſe angles and diſtances given, 


the whole work is eaſily laid down by rule and 


compaſs, and the plan or map deſcribed. But when 
it is taken by the plain table, it is deſcribed al- 
ready, by the operations on the table. And if it 
be a field, lines muſt be drawn from A to B, from 
B to C, &c. | b 
At every ſtation when the inſtrument is fixt, take 


care it be not moved out of its place, till all the 


work at that ſtation be done; which you may know 
by obſerving ſome remarkable object thro? the fixt 
ſights ; for that object ought always to appear there. 
Or on the table -by drawing a line; or making a 
mark, by the edge of the index. For then the 
index being laid to that mark, that object ought 
always to appear thro? the ſights. 

If there be ſome of the objects which cannot be 
ſeen from any of the former ſtations, then new 
ſtations muſt be taken from which they can be ſeen. 
Remembring to take their diſtances, and angles 
(or poſitions), from ſome of the other ſtations. 


If 
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If ſome of the objects can be ſeen from twoFig. 
adjoining ſtations, as 1 from both T and V, then 29. 
the angles may be taken from both ſtations (ITV 
and IVT); which will ſave the labour of mea- 
ſuring to ſuch objects, the diſtances TI, VI. 
In the plain table, when any ftation line runs oft | 
the table, take off the paper and glue another pa- 

r to it with mouth glue; on this produce that N 

tion line to its proper length. Then faſten the (| 
paper on the table, with the former ſtation near F 
the edge of the table; and laying the index on | 

the new ſtationary line, turn the table about, till 

you ſee the laſt ſtation come from, thro” the ſights ; 
there fix it and proceed. 

It will be proper always to take an eye draught 
of the field or country, upon paper, before you 
begin your work. And all your meaſures. muſt be 
written down in this rough draught. Or elle they 
muſt be written regularly in a field book on purpoſe. 


PROB. XXI. 
To ſurvey a lordſhip, or large eftate of land. 


If the eſtate be very large, and contains a great 
number of fields; it cannot be done by ſurveying 
all the fields ſingly, and On POR them toge- 
ther; nor can it be done by taking all the angles 
and boundaries that incloſe it. For in theſe caſes, 
any ſmall errors will be ſo multiplied as to render 
it very much diſtorted. | 
1. Walk over the lordſhip two or three times, 
in order to get a perfect idea of it, and till you can 
carry the map of it in your head. And to help 
your memory, draw an eye draught of it on paper, 


8 guide you, or at leaſt, of the principal parts 
of it. 


D 3 | 2. Chooſe 
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2. Chooſe two or more eminent places in the 
eſtate, for your ſtations, from whence you can ſee 


all the principal parts of it; and the fewer ſtations 


you have to command the whole, the more exact 
your work will be; and let theſe ſtations be as far 
diſtant from one another as poſſible; and they will 
be fitter for your purpoſe, if theſe ſtationary lines 
be-in or near the boundaries of the ground, and 
eſpecially if two lines or more proceed from one 
ſtation. 

3. Take what angles, between the ſtations, you 
think neceſſary, and meaſure the diſtances from 
ſtation to ſtation, always in a right line; theſe things 
muſt be done, till you get as many angles and lines 


as are ſufficient for determining all your points of 


ſtation. And in meaſuring any of theſe ſtation 

diſtances, mark accurately where theſe lines meet 
with any hedges, ditches, roads, lanes, paths, ri- 
vulets, &c. and where any remarkable object is 
placed, by meaſuring its diſtance from the ſtation- 
ary line; and where a perpendicular from it cuts 
that line. And always mind, in any of theſe ob- 
ſervations, that you be in a right line, which you 
will know by taking backſight and foreſight, along 
your ſtationary line; which you muſt never omit. 
And thus as you go along any main ſtationary line, 
take offsets to the ends of all hedges, and to any 
pond, houſe, mill, bridge, &c omitting nothing that 


is remarkable, and all theſe things muſt be noted 


down, for theſe are your data, by which the places 
of ſuch objects are tio be determined upon your 
plan. And be ſure to ſet marks up at the interſec- 
tions of all hedges with the ſtationary line, that you 


may know where to meaſure from, when you come 


to ſuryey theſe particular fields, which muſt imme- 
diately be done, as ſoon as you have meaſured that 


' ſtationary line, whilſt they are freſh in memory. 


Bo this means all your ſtationary lines are to be 
meaſured, 


Nd G6. «> 
meaſured, and the ſituation of all places adjoining Fig. 
to them determined, which is the firſt grand point 
to be obtained. 1 would have you lay down you 
work upon paper every night, when you go home, \ 
that you may ſee how you go on. | 
4. As to the inner parts of the eſtate, they muſt 
be determined in like manner, by new ftationary 
lines. For after the main ſtations are determined, 
and every thing adjoining to them; then the eſtate 
muſt be ſubdivided into two or three parts by new 
ſtationary lines; taking inner ſtations at proper 
places, where you can have the beſt view; and 
meaſure theſe ſtationary lines as you did the firſt, 
and all their interſeCtions with hedges, and all off. 
ſets to ſuch objects as appear; then you may pro- 
ceed to ſurvey the adjoining fields, by taking the 
angles that the ſides make with the ſtationary line, 
at the interſections, and meaſuring the diſtances to 
each corner, from the interſections. For every ſta- 
tionary line will be a baffs to all the future opera- 
tions; the ſituation of all parts being entirely de- 
ndent thereon; and therefore they ſhould be ta- 
E as long as poſſible; and are beſt to run along 
ſome of the hedges or boundaries of one or more 
fields, or to paſs through ſome of their angles. All 
things being determined for theſe ſtations, you muſt 
take more 1nner ſtations, and continue to divide 
and ſubdivide ; till at laſt you come to ſingle fields 
_ repeating the ſame work for the inner ſtations, as 
for the outer ones, till all be done. And cloſe tg 
work as oft as you can, and in as few lines as pol- 
fible. And as it may require ſome judgment to - 
chuſe ſtations the moſt conveniently, ſo as to cauſe 
the leaſt labour; let the ſtationary lines run as far as 
you can along ſome hedges, thro* as many corners 
of the fields, and other remarkable points, as you 
can, And take notice how one field lies by ano- 
„„ ther; 
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| Fig. ther; that you may not miſplace them in the 
draught. _ | 

g. An eſtate may be ſo ſituated, that the whole 
cannot be ſurveyed together ; becauſe one part of 
the eſtate cannot be ſeen from another. In this caſe, 
you may divide it into three or four parts, and 
ſurvey the parts ſeparately, as if they were lands 
belonging to different perſons ; and at laſt join them 
together. 

6. As it is neceſſary to protact or lay down your 
work as you proceed in it, you muſt have a ſcale 
of a due length to do it by. To get ſuch a ſcale, 
you muſt meaſure the whole length of the eſtate in 
chains; then you muſt confider how many inches 
long the map is to be; and from theſe you will 
know how many chains you muſt have in an inch, 
and make your ſcale, or chuſe one already made, 
accordingly. 

7. The trees in every hedge row muſt be placed 
in their proper ſituation, which is ſoon done by the 
plane table; but may be done by the eye without 
an inſtrument ; and being thus taken by gueſs, in 
a rough draught, they will be exact enough, be- 
ing only to look at; except it be ſuch as are at any 
remarkable places, as at the ends of hedges, at 
ſtiles, gates, &c. and theſe muſt be meaſured. But 
all this need not be done till the draught be finiſh- 
ed. And obſerve in all the hedges, what ſide the 
gutter is on, and to whom the fences belong. 

8. When you have long ſtations, you ought to 
Have a good inſtrument to take angles with, which 
ſhould be exact to a quarter of a degree at leaſt; 
and hardly any common ſurveying inſtrument will 
come nearer. And tho' the plane table is not at all 
2 proper inſtrument to ſurvey a whole lordſhip with; 
yet it may very properly be made uſe of, to take 

the ſeveral ſmall internal parts; and ſuch as cannot 
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be taken from the main ſtations; and is a very quick Fig. 


and ready inſtrument. 


Example. 


Walking over the lordſhip, I pitch upon the four 30. 
ſtations A, B, C, D, from which I can command 
the greateſt part of it, there I ſer up marks. Then 
I meaſure along AB, which is a right line, and the 
boundary on one fide of the land. In meaſuring a- 
long, I ſet down the diſtances meaſured, when I 
come at the corners of the fields a, a, a, a, where 
the hedges come in, and likewiſe where I croſs the 
brook 3b. Then having got to B, I ſet down the 
whole length of AB. | 

Next I meaſure from B to C, and in my way, I 
{et down how far I have meaſured when I croſs the 
hedges at c, c, c, c; and likewiſe where I croſs the 
| brook bb again. Thus 1 meaſure forward till I come 
at C, and then I ſet down the length of the ſtati- 
onary line BC. 1 

After the ſame manner I meaſure along the ſta- 
tionary line CA, obſerving to ſet down the inter- 
ſections with the hedges, as before; till I come at 
A, where I ſet down, the length of CA. Then 
the three points A, B and C, are determined; and 
may be laid down in the plan; and all the fore- 
{aid points. | | | 

Being come to A again, I go from A towards B, 
and in my way I ſuryey every ſingle field adjoining 
to the ſtationary line AB. To do which the ſhort- 
eſt way, I take the angles at every interfection a, 
that the ſides of each field makes with the ſtation- 
ary line AB; and then I meaſure their lengths; 
by which every field is eaſily laid down. In the 
ſame manner I proceed from B to C, and meaſure 
every field adjoining to BC. And then I go to A, 
and meaſure every field in my way thither. 


Next 


82 
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Fig. Next I go from A towards D, and ſet down ag 
30. before, all my crofling of the hedges; and the 


length AD, when I come at D. And in like man- 


ner, | meaſure along DC, ſetting down all the 
croſſings of the hedges as before, with whatever 


ele is remarkable, as where a highway croſſes at d. 

Having finiſhed all the main ftatrons, we muſt 
begin to make inner ſtations. Theretore I take 
F and G for two ſtations, being in the lines AB and 
BC, the hedges from F to G running almoſt ſtreight; 
then I meaſure from F towards G, and at f, I find 
a hedge going to the left, and going on to g, I find 
another hedge going to the right; and at þ I croſs 
the burn. Ati there is an angle, to which I make 
an offset. Going on further I come at a croſs hedge 
going to the right; and then meaſure on to G the 
end of the ſtation. Now in going from F to G, 
we can take all the angles that the ſides of the fields 
make with the ſtationary line FG, and then mea- 
ſure their lengths ; by which theſe fields may be 
laid down on paper. 

Then I take another inner ſtation at I, and mea- 
ſuring from A to o, I come to the oppoſite corner 
of the field; then meaſuring on to p, I croſs a 
hedge ; then I proceed to my ftation I. Then I 
meaſure from I to F, and take an offset to » where 
the hedge croſſes the brook. Then I come to the 
corner of the laſt field at mz; and then meaſure to 
the oppoſite corner at F, the other ſtation. In your 
going from A to I, you may take the angles that 
the hedges make with your ſtationary line Al, and 
meaſure theſe hedges, and then they may be laid 
down. And the like, in going from 1 to F. 

All this being done, take a new ſtation H, and 
meaſuring from B towards H, all the hedges lie al- 
molt in a right line. So going along we come at a 
croſs hedge, and going further we come at a tree, 
in the hedge we meaſure along ; going further we 

| come 


—_ 
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come at two other croſs hedges; and a piece fur-Fig. 


ther we croſs the brook, going on we come at a 30, 
croſs hedge z going on till we come at another croſs 
hedge z all theſe hedges are to the left. Then go- 
ing on {till further, we have a windmill to the right; 
and afterwards a croſs hedge to the left, and then 
we meaſure on to the ſtation H. Then meaſurin 
from H towards C, we have a houſe on the left; 
and then go on to C. And the fields may be all 
ſurveyed as you go along BH and HC, and then 
laid down. And after this manner you muſt pro- 
ceed thro* the whole, taking new ſtations, till all 
be done. 


P R O B. XXII. 
To ſurvey a whole county, or large tract of land. 


1. Chuſe two, three or four eminent places for 
ſtations, ſuch as the tops of high hills or mountains, 
towers, or church ſteeples, which may be ſeen from 
one another ; and from which moſt of the towns, 
and other places of note, may alſo be ſeen. And 
let them be as far diſtant from one another as poſſi- 
ble. Upon theſe places raiſe beacons, or long poles, 
with flags of different colours flying at them; ſo as 
to be viſible from all the other ſtations. 

2. At all the places, which you would put down 
in the map, ſer up long poles with flags at them of 
ſeveral colours, to diſtinguiſh the places from one 
another; fixing them upon the tops of church 
ſteeples, or the tops of houſes, or in the centers of 
leſſer towns, But you need not have theſe marks 
at many places at once, as ſuppoſe half a ſcore at a 
time, For when the angles have been taken, at 
the two ſtations, to all theſe places, rhe marks may 
be moved to new places; and fo ſucceſſively to all the 
places you want. Theſe marks then being ſet up 
at a convenient number of places, and ſuch as may 


be 
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Fig. be ſeen from both ſtations ; go to one of theſe ta. 


tions; and with an inſtrument to take angles, ſtand. 
ing at that ſtation, take all the angles between the 
other ſtation, and each of theſe marks, obſerving 
which is blue, which red, &c. and which hand they 
lie on; and ſet all down with their colours. Then 
go to the other ſtation, and take all the angles be. 
tween the firſt ſtation, and each of the former marks, 
and ſet them down with the others; each againſt 
his fellow with the ſame colour. You may if you 
can, alſo take the angles at ſome third ſtation, which 
may ſerve to prove the work, if the three lines in. 
terſect in that point, where any mark ſtands, The 
marks muſt ſtand till the obſervations are finiſhed 
at both ſtations ; and then they muſt be taken down, 
and ſet up at freſh places. And the ſame operati- 
ons muſt be performed, at both ſtations, for theſe 
freſh places; and the like for others. Your inſtru- 
ment for taking angles, muſt be an exceeding good 
one, made on purpoſe with teleſcopic ſights ; and 
of three, four or five feet radius. A circumferen- 
tor is reckoned a good inſtrument for this purpoſe. 
3. And tho' it is not abſolutely neceſſary to mea- 
ſure any diſtance, becauſe any ſtationary line bein 
laid down from any ſcale, all the other lines will be 
proportional thereto. Vet ſome of the lines had 
better be meaſured, to aſcertain the diſtances of 
places in miles; and to know how many geometri- 
cal miles there are in any length; and from thence 
to make a ſcale to meaſure any diſtance in miles. 
In meaſuring any diſtance, it will not be exact e- 
nough to go along the high roads, by reaſon of 
their turnings and windings; and hardly ever lying 
in a right line between the ſtations, which muſt 
cauſe infinite reductions, and create endleſs trouble 
to make it a right line; for which reaſon it can ne- 
ver be exact. But a better way is to meaſure in a 
right line with a chain, between ſtation and ſtation, 
| over 


- 
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over hills and dales or level fields, and all obſta- Fig. 1 
cles. Only in caſe of water, woods, towns, crags, | 
rocks, banks, &c. where one cannot 'paſs; fuch 
arts of the line muſt be meaſured by the methods 
of inacceſſible diſtances ; and beſides, allowing for 
aſcents and deſcents, when we meet with them. 
And a good compaſs that ſhews the bearing of the 
two ſtations, will always direct you to go ſtreight, 
when you do not ſee the two ſtations; and in your 
progreſs, if you can go ſtreight, you may take off- 
ſets to any remarkable places. Likewiſe note the 
interſection of your ſtationary line with all roads, 
rivers, &c. 4 
4. And from all your ſtations, and in your whole 
progreſs, be very particular in obſerving ſea coaſts, 
rivers mouths, towns, caſtles, houſes, churches, 
wind-mills, water-mills, trees, rocks, ſands, roads, 
bridges, fords, ferries, woods, hills, mountains, 
rills, brooks, parks, beacons, ſluices, floodgates, 
locks, &c. and in general all remarks or rarities. 
5. After you have done with your firſt and main 
ſtationary lines, which command the whole county ; 
then you muſt take inner ſtations, at ſome places 
already determined, which will divide the whole 
into ſeveral partitions : and from theſe ſtations you 
muſt determine the places of as many of the re- 
maining towns as you can. And if any remain in 
that part, you muſt take more ſtations, at ſome 
places already determined ; from which you may 
determine the reſt, And thus we muſt go thro? all 
the parts of the county; taking ſtation after ſta- 
tion, till we have determined all we want. And in 
general, the ſtationary diſtances muſt always pals 
thro” ſuch remarkable points as have been deter- 
mined before, by the former ſtations. 
©. Laltly, the poſition of the ſtationary line you 
mealure, or the point of the compaſs it lies on, 
muſt be determined by aſtronomical obſervation. 
Hang 


56 


Fig Hang up a thread and plummet in the ſun, and ob- 


azimuth will be found, by caſe 11th of oblique 


exact; for no road leading from one place to ano- 
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ſerve when the ſhadow runs along that ſtationa 
line; and at that moment take the ſun's altitude; 
then having his declination, and the latitude, the 


ſpherical triangles. And the azimuth is the angle 
the ſtationary line makes with the meridian ; and 
therefore a meridian may eaſily be drawn thro” the 
map. 

Or a meridian A be drawn thro” it by hanging 
up two threads in a line with the pole ſtar, when he 
is juſt north, which may be known from the aſtro. 
nomical tables. Or thus, obſerve the ſtar A4ll;oth, 
or that in the rump of the great bear (being that 
next the ſquare); or elſe Caſſiopeias hip; I ſay, 
obſerve by a line and plummet when either of theſe 
ſtars and the pole ſtar come into a perpendicular; 
and at that time they are full north. Therefore two 
perpendicular lines being fixt at that moment, to- 
wards theſe two ſtars, will give the poſition of the 
meridian. | | 

County ſurveying is by far the moſt difficult 
part of ſurveying ; for the ſtations are ſo long and 
ſo many, that if the inſtrument to take the angles, 
be not very accurate, great errors will be commit- 
ted; eſpecially after ſo many repetitions of taking 
angles, at ſo many different ſtations. And to mea- 
ſure all the roads and diſtances of places, would be 
an endleſs labour, and beſides they would not be 


ther, goes in a right line; ſo that any one of them, 
muſt meaſure to more conſiderably than what it 
ts. Therefore I cannot find that any better me- 
thod can be practiſed, than what is here laid down. 
For if a ſtationary diſtance, ſufficiently long be ſet 
out and meaſured for a baſe; and the angles taken 
from theſe two ſtations, to all the places that can be 
&en, the ſituation of theſe places will be had more 


exactly 
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exactly than by any other method. But when weFig. 


o to theſe ſecond ſtations to take angles, more 
care is required; and more ſtill, if we go to 
third, or fourth ſtations, or farther. So that we 
had need to have good inſtruments to perform this, 
All this is a work of time and expence. 


PR O B. XXIII. 
To ſurvey a city or great town. 


Suppoſe ABCDEEFG be ſeveral ſtreets in any town 31 


or city, which you want to ſurvey. Begin at the 
meeting of two or more of ſome of the principal 
ſtreets, along which you can have the longeſt proſ- 
yang for getting the longeſt ſtationary diſtances, 

t B be the firit ſtation; then along theſe ſtreets 
BC and BF, as far as you can ſee, cauſe two men 
to ſtand for marks; or rather ſet up ſtation ſtaves 
in wood pedeſtals. Then with your inſtrument 
placed at B, take the angle CBF, which note down. 
Then let the mark at F be carried to B, and the 
mark at C to D. Then you muſt obſerve at B a 
ſtreet running off to the right; and going along 
BC, meaſuring with a chain of 5o feet long, you 
come to a ſtreet at þ on the left hand, ſet that down, 
and how far you have meaſured ; and proceedin 
on to C, ſet down the length of BC in your bk 
of obſervations, 

Then planting the inſtrument at C, take the 
angle BCD, and ſet it down. Then let the mark 
at B be brought to C, and that at D to E, and 
obſerve at C a ſtreet running off to the right ;- then 
meaſure along from C to D; and at m you come 
to two ſtreets going off, one to the left, the other 
2 the right; then meaſure along to D, and ſet all 

own. 


| Plant 


EF 


CU Ar ENG : 


| Fig. Plant the inſtrument at D, and take the angle 
31. CDE, and meaſure along from D to E, and at E. 


you have a ſtreet going to the right, and ſet all 
down. Bring the marks from C to D, and from E 
wo F. | | 

Place the inſtrument at E, and take the angle 
DEF, which ſer down. Then carry the marks 
from D to E, and from F to B; and meaſure along 
EF, and you come to two ſtreets at u, one on the 
right, the other on the left, which ſet down; then 
meaſure to F, where you have a ſtreet going to the 
right; ſet all down. 

Laſtly, place the inſtrument at F, and take the 
angle EFB, which ſet down; and at F you have a 
ſtreet going to the right. Meaſure from F to B, 
and in your way you have two ftreets at p, one on 
the right, and the other on the left ; ſet them down 
and proceed to B; and ſet down the length FB, 
and then you arrive at B where you begun; ſo that 
part of the ſurvey is finiſhed, 

After the ſame manner the part ABFG muſt be 
ſurveyed, taking the angles at A and B, at F and 
G; and meaſuring the diſtances AB, BF, FG and 
GA, And ſo you muſt proceed piece by piece, by 
this method of circulation, till the whole be finiſh- 
ed. And all the parts muſt at laſt be joined toge- 
ther, in their true ſituations. | 

Obſerve in every part to take in as much of the 
town as you can at a time; and to cloſe (that is, to 
come round to the ſame point again) with the few- 
eſt ſides or ſtations you can, not exceeding 5 or 6, 
if you can help it; for the more ſides the leſs exact. 
Your chain muſt be go feet long, a link to a foot. 

At every ſtation, and at other places where it is 
neceſſary, meaſure the breadth of the ſtreets, tak- 
ing them as offsets 3 and as you go along, take oft- 
ſets to all remarkable places, on the right and left, 
and to all ends of ſtreets, and to all turnings and 
= corners; 
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corners ; and this mult be done with a rod 10 feet Fig. 
long divided into feet; for all theſe meaſures muſt. 37. 


he taken, and laid down in feet; and ſet all down 
regularly. in your ſurvey book. And to help your 
memory, it will be convenient to have an eye 
draught of each part of the town, as you ſurvey it; 
and always take notice what way you go about. 
_ Having thus taken your high ſtreets, you may 
in the ſame manner proceed with the other ſmall 
ſtreets and lanes, noting down in your book, or 
eye draught, the offsets, as you find them to the 
right or left. n 

Your high ſtreets and croſs ſtreets being taken, 
ou mult take the meaſures of the houſes. to the 
ront, and the breadth of them, with your rod; 
and the dimenſions of courts and alleys, ſetting them 
down in ycur draught. You muſt be very exact 
and curious in taking the dimenſions of churches, 
the ſteeple, the buttreſſes, &c, And likewiſe halls, 
inns of court, colleges, eminent houles, &c. | 
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32. 


you the OO 


length you deſign for 10 in your compaſſes; run over 


lengths as you pleaſe. Divide the firſt part at A 


want, to lay down, off the ſcale in your compaſſes, 
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To make « ſeal to lay down am plan with. 

F IRST conſider the bigneſs of your ſcale, or 
h 


how many equal parts you will have in an inch, 
en draw the indefinite line AB, and two more pa- 
rallel thereto, the one very near. Then take what 


the line AB, with the compaſſes, as many of theſe 


into 10 equal parts; and at all the N points of 
diviſion, write o, 10, 20, 30, 40, &c. continued 
as far as you have occaſion for. And at the ends 
of the ſcale, and at all the points of diviſion, draw 

erpendiculars to AB, thro? all the three parallels, 
and the ſcale is finiſhed. 


The uſe is this; take the length of any line you 


and lay it upon any line in your plan, which you 
want it ſet off upon, by ſetting the compaſſes upon 
it; and it will reach to the point required. 

And if you want to meaſure any line upon your 
plan; take the length of that line in your com- 
paſſes, and apply it to the ſcale, and it will ſhew 


There 
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There are other ſorts of ſcales, as diagonal ſcales, Fig. 
where an inch or half an inch, is divided into 100 32. 
parts; but theſe are ſo well known, that I need 
ſay no more about them. 1 oh 

If you have taken a ſurvey, and want to put it 
into a map; You cannot lay it down, in the bounds 
intended, without a proper ſcale; and it will be 
difficult to light of one of a proper length already 
made; and therefore you muſt be obliged to make 
one yourſelf. N . Oak ee 


rRO B. u. 
To projet or draw the plot of a triangular field. 


If the field has been meaſured with the chain; 11. 
then you have all the ſides of the triangle ABC in 
chains, in your field book. Therefore draw any 
line AC for the baſe; and take the length of it 
with your compaſſes from the ſcale, and ſet it from 
A to C. Then take the length of AB from the 

' ſcale, and ſetting one foot in A, deſcribe an arch 
towards B. Then take the third ſide BC from the 
ſcale, in your compaſſes, and ſetting one foot in C., 
croſs the former arch in B. Then from the point 
of interſection, draw the lines BA, BC; and BAC 
is the triangle required. 

If che perpendicular and baſe be known, and 
either ſegment AP. You muft ſet off AP equal 
to that ſegment, and raiſe the perpendicular PB 
of the length given, and draw BA and BW. 
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Otherwiſe, from an angle or two. | 
If you have two ſides AC, CB; and the angle 
ACB. Draw AC, and with the compaſſes ſet off 
its length in chains from the ſcale. Then by the 
protractor, or line of chords, make the angle ACB 
of the given degrees; and draw CB, on which ſer 
off its length, (from the ſcale) to B; and draw 45 8 
5 | + BS r 
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Fig. Or if the fide AC, and the angles A and C be 


11. poet Draw AC of its due length taken off the 
cale. Then make two angles at A and C, equal 
to theſe given; and draw AB, CB to interſect in B. 
- Lafthy, if you have given AC, AD, DB, and 
angle ADB. Make the angle ADB equal to that 
given. And DA, DB of the lengths given; and 
AC equal the given baſe. And draw BC, BA. 


Cor. Thit is .the foundation of deſcribing any po- 
ligen; for they may always be divided into triangles. 
And all the triangles may òe deſeribed one after another, 
as above. > oe * | 

es | PR O B. III. 


Po lay down the plan of any field upon paper; from 
#be meaſures taken in the feld; and plotting offsets. 


15. If the field has been divided into triangles, and 
all the ſides have been meaſured with the chain; 
as ABCDE; where the lengths of the ſides are ſet 
down in the field book, or elſe written upon the ſides, 
in a foul draught. Draw any line DE, and from 
the ſcale ſer off its length in chains, from D to E. 
Then with the length of EA and one foot in E, 
deſcribe an arch; and with the length of DA and 
one foot in D, croſs that arch in A; then A is a 
nother angle of the field. In like manner having 
the three ſides AD, DB, AB, lay down the tri- 
angle ADB, gives the angle B. And from the 
three fides DC, DB, BC, lay down the triangle 
DBC, and we have all the ſides and angles of the 
figure. e e ia hom 

But if all the lines are drawn from a point within 
as F. Then with the three ſides , EF, DF, 
lay down the triangle DEF; and in like manner 
the triangle EAF; then ABF; then BCF; and 
laftly CDF. For in each triangle, there is given 
all the three ſides, R ic 
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If the ſides and included angles are given, as Fig. 
in the figures ABD. Draw the line AS of the 20. 
length given; and make the angle ASB equal to 21. 
the given degrees; drawing SB, making it of its 
due ſength, and draw AB; then you have the tri- 
angle SAB. Then from the ſides SB, SC and the 
included angle BSC, or elſe ASC, you will project 
the triangle BSC, in the ſame manner; as alſo 
CSD; and ſo on till the whole figure is laid down. 
When all the ſides round the figure are given, 22. 
and an angle oppoſite to each of them, as in the 
figure ACE. Firſt draw the fide EA from the 
given angle, and ſet off its length to A. Then 
make the angle AEB equal to that given, drawing 
EB. Then take AB in your compaſſes, and with 
one foot in A, croſs the line EB in B, and draw 
AB. Then make the angle AEC or BEC equal to 
the angle given; and with BC in your compaſſes: 
and one foot in B, croſs the line EC in C; and 
draw BC. Then make the angle AED or CED 
equal to that given; and take the length of CD in 
ur compaſſes, and with one foot in C, croſs the 
line ED in D, and draw CD; and you have laid 
down the whole figure. But note, you ought to 
know whether the angles ABE, EBC, ECD be 
acute or obtuſe. 2 is. oy 
When all the angles at one point or ſtation, op- 23. 
polite to the ſides of the. field are given; and all. 
the alternate angles round the field; and only one 
line FA meaſured. Draw the line FA of its due 
length; and make the angles AFB and FAB as 
given in your book, or faul draught; and the in- 
terſection of FB, AB, gives the point B. Again, 
make the angles BFC, FBC equal to their given 
angles, and BC, FC will interſect in C. Proceed 
thus round the figure, to find the points of inter- 
ſection D and E. Eut it the ſtation be taken within 24. 
the field at S, and #S meaſured; Ihen SF, and 
| 4 che 


— 
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Fig. the two angles at S and F, will determine the point 
24. A. Then SA, and the angles at Sand A, will 
determine the point B. And the like for the points 
C, D, E. And at laſt you will have the whole 
n LACED <a. | 
25, When all the ſides and angles, in going round it, 
are meaſured, as in the figure ABCDE; where 
a, b, c, d, e, are the ſeveral ſtations. Make the 
angle eab equal to that given, and make ab equal 
to its given length. Then make the angle abc e- 
qual to its . and oc equal to its number of 
chains. In like manner make the angles cd, ge, 
da, of their reſpective number of degrees; and 
the ſides cd, de, ea, of their reſpective lengths in 
chains; and the figure is deſcribed, all but the 
offsets. f Ge: \ 
And to deſcribe and plan all the offsets. At 3 
ſet off the diſtances to the hedges at A. Alſo ſet 
off, in the line ab, the diſtances af, ag, ab, ai; 
and at 7, g, b, i, raiſe perpendiculars, to ab, of 
their proper lengths, all taken from the field book 
and at 4 make the offset to the hedge at B. Then 
thro* A and B, and the ends of all theſe perpen- 
diculars, draw the hedge AB. Then at 5 and c, 
make offsets to B and C, and ſet off i to k where 
itt touches the hedge; and draw the hedge BIC. 
Then make the proper offsets at c and d, to C and 
D; and draw — hedge CD. Again, make an 
offset at d to D, and ſet off dl, where it touches 
the hedge; and dm, and at , the offset; and at 
e an offset to E. Then draw Di and IE thro' the 
end of the perpendicular at m, for another hedge. 
Laftly, ſet off two offsets from e to E, and from & 
to A, and draw the hedge EA. Then you have 
the true figure of the field laid down. 
Again, let AB'be any ſtationary line. Set off 
from A, the diſtances Ac, Ad, Af, AB, from the 
book, And on the points c, d, f, B, raiſe the 
| | 2 perpendiculars 


Fe 
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rpendiculars co, de, fg, Bb, of their due lengrhs; Fig. | 


Mt from the book; and thro? the ends o, e, g, B, 
draw the hedge or nee Aovegh. And the like 
for any others. | 


Gere! Obſtroations. - 


All the lines belonging to the ſame figure watt 
be taken from the ſame ſcale, with a. pair of com- 
paſſes; and it is beſt to uſe a diagonal ſcale, be- 
cauſe the links can be expreſſed by hundredth parts; 
and the ſcale ought to be as large as the 7 er will 
permit, that ĩt may contain the Whole draught, and 
the bigger it is, the more exactly you wil work.. 
All offsets belonging to each line, muſt be ſet in 
their proper places, and of their due lengths, per- 
— to the ſtation line; and to be taken off 
the ſame ſcale. And every line that is inclined to 
che horizon (as in a hill ſide), muſt be firſt reduced 
to a horizontal line, before it be laid down. y 
And all angles muſt” b& laid down with a pro- 
tractor or line of chords of a radius. And 
theſe things muſt be laid down in their proper po- 
ſitions, places, and magnitudes ; whether ai 
be lines, angles, or offsets, or any remarkable 68 
jects that are to be determined; and all according 
to the directions of your field book, or foul draught, 
you P plan it from. And all this according to the 
wa rules of practical Geometry. And at laſt. 
lines drawn thro*-all the points thus determined, 
will won te true eure of the field. 


P R O B. IV. 
Ta plan a field, as ſurvey by the infallible. 


15 Dl. be the table with the paper of obſerva- TA 

tions; where there was but one ſtation, taken in 18. 

the middle of the field. Unfold the paper of ob- 
E 4 ſervation, 


66. 


Fig 


17. 
18. 
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ſervation, and upon a vacant place of the ſame pa- 
per, take a point S for your ſtation. Then lay one 
lide of a parallel ruler vpon the line r, ſet the other 
ſide to the point 8; and by its edge, draw the line 
SA, always the ſame way from S; that the line 
lies from the center of the table; and ſet from 8 
to A its length 1. 20 chains. Then ſet one ſide of 
the rule to the line 2, and the other fide to 8, and 
draw the line SB equal to 10.12 chains. Then ſet 
to the line 3, and to 8, and draw SC 14.68. Then 
ſet to the line 4 and to 8, and draw SD 12.90. Then 
ſet to the line 5 and to 8, and draw SE 7.25. Then 
ſer to the line 6 and to 8, and draw SF 8.84. Then 


ſet to the line 7, and to 8, and draw SG 14.6:. 


19. 


Then draw the lines ABCDEFGA for the field. . 

But if the ſurvey was taken by going round the 
field. Let RT be the table. Unfold the paper, 
and chuſe any pour A for the beginning. Lay one 
ſide of a parallel ruler upon the line 1, and ſet the 
other to the point A, and draw the line AB by its 
edge, to lye the ſame way from A, that the line 1 
lies from the center. This muſt be obſerved in 
drawing all the lines; and make AB 13.10 chains. 
Set one ſide of the rule to the line 2, and the other 
to B, and draw the line BC, 6.18. Set one fide to 
the line 3, and the other to C, and draw CD 17.75. 
Set one He to the line 4, and the other to D, and 


draw DE 10.32. Set to the line 5, and to E, and 

draw EF 10.45. Set to the line 6 and to F, and 
draw FG 9.00. Set to the line 7, and to G, and 
draw GA, which ought to be equal to the mea- 


ſured length 8.15, if the work is right. So your 
field is planned. 


PRO. 
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To lay down the plot of a field, as ſurveyed by the 


Let ACF be a field ſurveyed by the needle, go- 26 
ing round about, taking the ſtations at a, ö, c, d, e. 
Thro? all the ſtations draw the meridians am, Im, 
en, dm, em, as you come at them. Then begin- 
ning at a, make the angle mab equal to the bearing 
of the fide ab, north- eaſtefly, and thereon ſet its 
length in chains to 5, The meridian im being ſup- 
poſed to be drawn, make the wn 4 mbc the bearing 
of bc ſouth-eaſterly, and make bc its length. Make 
the angle med the bearing of d ſouth · weſterly, and 
make cd its diſtance. Make the angle mae the bear- 
ing of e, ſouth-weſterly, and de its diſtance. Make 
the angle mea the bearing of @ north-weſterly, and 
and ea its diſtance. Then the plan is finiſhed, ex- 
cepting the offsets, which are laid down as directed 
in Prob. III. Thus, in going from à to b, you have 
two offsets at s and t, at B you touch the hedge. 
From 6 to c, you have four offsets at b, f, b, i, and 
you touch the hedge at C. From c to d, one off. 
ſet at &, at E touch the hedge. From d to e, five 
offsets at m, , F, G, H; at p touch the hedge. 

From e to a, two offsets at H and A. The places 
of all theſe, muſt be marked upon the ſtationary 
= and their lengths ſet off perpendicular 

exeto. | | | 


PRO B. 
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Fig. 
To lay down the plan of a field, ſurveyed from two . 
ſtations, by taking the angles round about, and mea- 
Juring only the line between the ſtations. | 


27. Chuſe a convenient point upon your paper, for 
your firſt ſtation, as S. 'Thro' S 2 4 _ and 
{et thereon the ſtationary diſtance ST ; then T is 
your ſecond ſtation. Then with a protractor or line 
of chords, make the angles TSA, TSB, TSC, 
TSD, TSE and TSF, each of the number of de- 
grees, as you find them in your field book; and 
from S draw the lines 1, 2, 3, 4, 5, 6, out at 
length, numbering them as in the book. In like 
manner, make the angles at T your ſecond ſtation, 
STA, SIB, STC, STD, STE, STF; and from 
T draw the lines 1, 2, 3, 4, 5, ©, as in the book. 
Then obſerve where the correſpondent lines inter- 
ſect; as 1 and 1 interſect at A; 2 and 2 interſect 
at B; 3 and 3 at C; 4 and 4 at D; g and 8 at E; 
and 6 and 6 at F. Then A, B, C, D, E, F, are 
the corners of the field. Therefore drawing the 
lines, AB, BC, CD, &c. from angle to angle, 
ABCDEF will be the plot of the field. Here you 
muſt be ſure to take the interſections of the corre- 

ſpondent lines, or thoſe numbered with the ſame 
figures; otherwiſe you'll get a falſe plan. 

28. If the ſtationary diſtance be taken in a ſide of the 
field, as EF, or even out of the field as 5; the 
work would have been the very ſame. For 
the correſpondent lines 11, 22, 33, &c. that form 
the angles which you muſt make about F and E, 
or and t, will always interſect in the points A, 
B, C, &c. which determine the angles of the 
field. ; 


And 
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RO VII. 


To lay down the plan of any part of a country, 
with ſuch objets as appear by 1 obſervations at 
ſeveral lations. 


This is done much the ſame way as the laſt Prob. 2 
only there are more ſtations concerned, which re- 

ire to be laid down, one after another; and the 
a ſtances to the objects meaſured. | 

Upon a ſheer of paper, take a convenient point 
8 for your firſt ſtation, from which draw the line 
ST, and ſet thereon the ſtationary diſtance ST as 
in your book; then T is your ſecond ſtation. With 
a protractor or line of chords, ſet off the angles 
TSK, ISL, TSA, TSB, and TSC, as in your 
book. And draw the lines SK, SL, SA; SB, SC; 
and thereon ſet the meaſured diſtances of each, as 
you find them in the book. Then the places of 
the objects K, L, A, B, C are determined. 

Then in like manner at T, make the angles STD, 
STE, STF, STI, equal to the angles which the 
ſtationary line wk with TD, TE, &c. as you 
find them in the book; and drawing TD, TE, 


TF, TI, ſet thereon, the meaſured diſtances of 


D, E, F, I; and then their places are determined. 
Next qe the angle ST V equal to the obſerved 
angle between the ſtationary lines 8T and TV; 
and drawing IV, ſet thereon the meaſured diſtance 
of the ſtations T and V, as ſet down; then V is 
a third ſtation. Therefore at V, make the angles 
with T'V- as you obſerved them, as TVG, TVI, 
and FR TVI; and on VG, VH, ſet their 25 
ure 


69 
And if there had been more ſtations, proceed Fi ig. 
in the ſame manner, to lay down the angles taken 


at them; and to draw lines, to o interſect | in the points 
required. | 


29. 
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Fig. ſured diſtances, all which,you have in the field book; 
29. and then the places of G and H are determined, 
And if you have more ſtations, and more objects, 

you mult proceed in the ſame manner, to lay down 

the angles obſerved, and to ſet off the diſtances, 
And thus may the plan of a ſquadron of ſhips be 


taken, or the map of a river, or any remarkable 
objects, tho? inacceſſible. 9 | 


P R O B. VIII. 


To draw the plan of a manor or large eſtate; part 
of a river, or a great town. | 


1. Having provided ſome paper, vellum or 
parchment to draw it upon; conſider how large 
you deſign to have your map. I hen collect from 
your field book, the dimenſions of the eftate in 
chains; and from hence you may make an eſtimate, 
how many chains will be contained in an inch; and 
conſequently what ſize your ſcale muſt be of, to 
pay it with; and 'it will be beſt to uſe a diagonal 
ſcale. an | 

o. 2. Then take a convenient point A upon your 
paper for the firſt ſtation, and from thence draw 
your firſt ſtationary line AB, of its due length, from 
the field book; then will B be your ſecond ſtation. 
Then having the diſtances AC and BC, you will 
find the place C of a third ſtation, upon the plan. 
And in like manner, having CD and AD, the point 
D will be found for a fourth ſtation. For the 
longeſt ſtationary lines, and the moſt general ſtations 
muſt be determined firſt; and then the next de- 

ding on them, and ſo on to the leaſt or moſt 
minute. And ſuch lines as ſerve only to find the 
boundaries, muſt be drawn with black lead, to be 

rubbed ont again. | | 
3. Then for plotting your obſervations taken 
upon any of theſe lines; you muſt take the ſeveral 
diſtances 


r 
2 * 


* =_ 
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diſtances from your diagonal ſcale, and ſet them uponFig. 
theſe lines ; or with a thin ſcale graduated the ſame 30. 
way, and applied to theſe lines, prick off theſe 
diſtances, by the edge. Likewiſe every angle muſt 

be laid down truly by a protractor or line of chords. 

And all theſe things muſt be done in that order you 

took them, as directed by your field book; firſt 
reducing inclined lines to horizontal ones, by Prob. 

9, Sect. 1. Thus in going from A to B, when we 
come at a there is a hedge ; therefore ſet the diſ- 
tance Aa trom A to a; and at @ lay down the an- 

le that the hedge as makes with Aa, and ſet the 

eagch of it from à to 0, for the corner of the firſt 

field. Then I ſet off the diſtance from A to the 
next hedge, and draw that hedge in like manner 

as the other. Then I ſet off the diſtance of 

the brook from A to , and draw the brook, mak- 

ing ſuch an angle with AB as I find in my book. 
In this ar Ba, roceed till all be laid down from 

A to B. After the ſame manner I lay down every 

thing from B to C, and from C to A; and like- 

wile from A to D, and from D to C. Theſe ge- 
neral ſtations being finiſhed ; the inner and leffer 
ones muſt be plotted, as from F to G, from A to 
I, from I to F. Then from B towards H, where | ad 
J project a tree, and the eng of the brook, and 1 
a windmill on the right; then from H to C, where . 
I project a houſe on the left hand. Thus you muſt I 
go thro? all the leſſer ſtations, planning every thin 7 1 
you find in your book, in their due places; as wn. 
objects, and all offsets to hedges, &c. till all houſes, 
fields, trees, and other remarkable objects, be put 
into your plan; proceeding from one part to ano- 
ther till all the parts be laid down; and if all the 1 
parts cloſe or fill up the plan, it is a ſign the work 1 | 
is right. And the plan is beſt done upon paper, 4 
or at laſt pricked of upon your vellum, by laying. ry 
the paper upon it. And make always the * ; FI 
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Fig. fide of the map the uppermoſt. To do all this 
30. there is required no more than a little = Geo- 

metry, attending duly to what you have given in 
your field book. Sometimes it may be convenient 
to plot different parts in different papers; and put 
them altogether at laſt. ar 
4+ All hills muſt be ſhadowed, to diſtinguiſh them 
in the draught ; likewiſe ſhadow the buttreſſes of 
ſteeples very deep ; and alſo towers, caſtles, houſes, 
and all ſuch things. 

5. Put the trees in each hedge, into their proper 

laces in the map; as they have been taken on a 
foul draught ; and make prick lines on the out- 
ſides of the hedges, for the gutters; and theſe 
will ſhew what hedges belong to each field. And 
where there are gates, the hedges mult break off. 

6. All the fields and cloſes being laid down in 
their true order and ſituation ; write the name of 
each field ſomewhere in the middle of it; and if 
you think proper, the numbet of acres it contains : 
tho' ſome people chooſe to have their contents in 
a book on purpoſe. 

7. Colour the hedges with different colours, and 
put into your map, the manor houſe, and all o- 
ther out-houſes, barns, ſtables; alfo rivers, roads, 
bye-lanes; and any windmill, water-mill, bridge 
brook, pond, wood, coppice, foot-way, or horſe- 
way. Draw trees in woody grounds, ſhadow 
mountainous grounds with hills and valleys. Ex- 

reſs bogs, fens, groves, highways, rivers, gates, 
ſtiles, &c. Draw the meridian line, and put a 
mariners compaſs in ſome bye place; and a ſcale of 
equal parts or chains; and laſtly the title of the 
map, thus. | 
A true and perfect ſurvey of the manor 
.._ (Townſhip) of , in the county of —, 


Being (part of) the eſtate of —— - 
28 " © Anno Domini. 


| 8 In 


g. In a very great eſtate, there ought to be drawn Fig. 
yertical and horizontal lines thro* the map, de- 30. 
noted by letters at the top and bottom and fides ; 
for the ready finding any field therein, mentioned 
ina tbe; :. | | 
9. The fame rome to which any field is laid 31. 
down, in the method of circulation, will equally 
ſerve for laying down the ſtreets of a town. For 
take the point B for the firſt ſtation, and draw BF, 
and make the angle FBC equal to the degrees ob- 
ſerved, as in the ſurvey book; and drawing BC, 
ſet its length upon it to C, taken from the 7838 
And in that line from B to C, make offsets on each 
ſide, and ſet off ſuch diſtances as you have noted 
down. In the ſame manner, ſet off the angles 
BCD, CDE, DEF, and EFB. And ſer off the 
diſtances CD, DE, EF, FB; and make ſuch of- 
ſets on each, as you found in going along them ; 
as the ſurvey book will direct. Then draw the 
inner ftreets, till all the part BCDEF be planned. 
In like manner lay down the part BFGA, and fo 
one part after another, till the whole is laid down. 
But it is beſt to lay down every part as ſoon as 
it is ſurveyed, whilſt you have it in your mind. 


{ ___ 
rr e, 
To draw a map or plan of a whole county. 


The laying down the plan of a county is a 968 
the ſame principle, as laying down a ſurvey, taken 
from two ſtations, as delivered in the 6th Problem. 
Only here we are obliged to have more ſtations, 
and to take more angles. And as a county is of a 
large extent, every thing muſt be laid down with. 
the utmoſt exactneſs. Therefore to do this, chuſe 
a convenient point upon your paper for your firſt. 
ſtation, From that point draw-your ſtationary _ | 

n | and 


— (— —— 


A 


Fig. 
31. 


- obſerved there to the ſame place; and where this 


SS UL R VV E FIN G. 
and ſet upon. it, from that point, the diſtance mea- 
ſured between your two main ſtations, taken from 
a proper ſcale; and this gives your ſecond ſtation 
upon the paper. And the diſtance between them 
is the only meaſured diſtance you have. Then take a 
inſtrument for laying down angles, and place 
its center at the firſt ſtation; and make an angle 
there with the ſtationary line, equal to the angle 
you took (to any certain place) at the firſt obſerva- 
tion, when at the firſt ſtation ; which your book 
will ſhew. Then make an angle with the ſtationary 
line, at the ſecond ſtation, equal to that you took 
(to the ſame place) at your ſecond ſtation ;- where 
this line (terminating the angle) cuts the other, is 
the place at which that particular mark ttands : 
thus one place is determined. Again, at the firſt 
tation, make an angle with the ſtationary line; 
equal to that you obſerved, to a ſecond place. And 
likewiſe an angle, at the ſecond ſtation, which was 


line interſects the firſt, is the place of the ſecond 
mark; ſo a ſecond place is determined. And thus 
go on, to lay down two correſpondent angles, ta- 
ken out of the book, one at one ſtation, and the 
other at the other; and the interſection of the lines 
of that angle, gives the correſpondent place. And 
this work is always to be done both at the main 
{tations, and at all inner ſtations. & 

1. All the lines ought to be taken from a diago- 
nal ſcale, of a mile or half a mile to an inch, ac- 
cording to the largeneſs of the county ; which may 
be eaſily collected from the dimenſions of the de- 
ſigned map, compared with the dimenſions of the 


county, in miles. | 

2. All your work muſt be laid down on a pa- 
per ſpread upon a flat table, and paſted down at the 
ends, or otherways fixt, ſo as not to be altered, till 
the whole be laid down.. Or one may take a fine 


Copper 


ae e RY By LN, G 

r plate, the bigneſs of the map, to project 
9 55 one ſet of obſervations lay de lai Jon 
after another, as they are taken at the two ſtations ; 
till che whole be compleated; and the lines may be 
drawn with a fine ſteel point. But here ſuch obſer- 
vations as are taken to one hand, muſt be laid to 


- - 


the-contrary, hand, as in all engraving.” 
3. And the inftruments made uſe of in laying 


whatever inſtrument” you uſe to lay down angles, 
mult be of as large a radius, as, the inſtrument you 
took the obſervations with, and as accurately di- 
vided. For moſt of your operations will be to lay 


down in your map, as they are taken by obſerva- 
tion, the _-_ will be erroneous. And you might 
as well not 

them down exactly. Here the diſtances muſt all 
be reduced to horizontal lines, before they be laid 
down. And all the lines and angles are beſt laid 
down in the order they were taken; as your book 
© of obſervations will ſhew. And the principal an 
moſt eminent ſtations muſt be planned rtl; an 


ſo on. And thus every thing muſt be laid down, 
according to what you find in your book. ' 

4. When all the towns and remarkable places 
are thus determined- and mapped. The hills and 


drawn, 


all towns, caſtles, houſes, churches exactly 


ry thing properly ſhaded, to diſtinguiſh them and 


ty muſt he drawn in prickt lines. And the name 
of each part written therein. And the boundaries 


down the plan, muſt be exceeding. good and large. 
Your protractor or line of chords, or ſector, or 


down angles; and if they be not as exath laid 


ave taken them exactly, as not lay 


then others that depend immediately upon them,; 
and the next, thoſe that depend upon theſe; and 


mountains muſt be ſhadowed,: the ſea coaſts drawn; 


the largeſt of them in perſpective. All roads and 
rivers delineated, and all bridges drawn; and eve- 


ſhew what they are. All the diviſions of the coun- 


73 
Fig. 
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N vill be more viſible and diſtinct, if they be colour. 
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ed with water colours. All this is a work of great 


33. 


nicety. 


5. Write the names of each diviſion in great let 


ters within it; and the names of all towns and o. 


ther places, e them. The cities muſt be dic. 
tinguiſhed from market towns, and theſe from leſſer 


towns, &c. by certain marks. Meridians and pa- 


rallels muft be drawn through the map; alſo a ma. 
riners compaſs in ſome bye place; and a ſcale of 
iles ; the Jongitude and latitude of places at the 
ides and ends, and the title of the map in large 
characters. And in all maps, take notice, that the 


north ſide muſt be uppermoſt. 


PROB. X, 


T7 peditce one triangle into anot ber of + og area, ts 
vave @ given baſe, or a given perpendicular. 


Let ABC be the triangle to be reduced, and AD 
the new baſe. From. the vertex C draw the line 
CD, and from B the end of the baſe, draw BE pa- 
rallel to it, interſecting the oppoſite fide in E; then 
draw ED, and the triangle AED is equal to the tri- 
angle ACB. For the part EBD is equal to the 
FBC, being contained between the ſame parallels 
EB, CD; and the part AEB is common to both 
triangles. ve nd Per 

And if the perpendicular be given; let it cut 
the ſide at the point E. Draw EB to the oppoſite 
angle B; and CD parallel to it, from the vertex 


C, to cut the baſe AB in D; draw ED, then AED 


is the triangle required ; which is proved as before, 


8 | PRO B. 


— . 


— 


Te pe one 1 4 Fae equal now, 
from a given point in the fide. | 


From the given to the oppoſite an 
draw the line 22 wo from * vertex C ae 


line CD parallel 3 it, to cut the baſe AB in D. 
Draw 434 line ED, and the triangle AED is equal 
to the triangle Ach. 

4 the triangle EDB is equal to the mianale ECB, 
being Ee. between the ſame parallels; there= 
fore to 7 of them add the triangle AEB, and 
then AED is equal to ACB. 


Sen 1. 


This Problem will be uſeful, when the N is 
net do run beyond a | point E. 


P R OB. XII. 


To reduce a poligen 1s an equal e e am 
angle, or point given in a. ſide. 


This is done by taking away one angle after ano- 
ther, till the whole be reduced. Let the poligon 


Produce any ſide, that does not join upon D, as 
AF. Draw the firſt diagonal AC, and BH paral- 
lel to it, to cut the baſe FA in l. Draw HD to 
the next angle, and CI parallel to it, cutting AF 
in I. And draw DI for one ſide. Here AC, BH, 
HD, &c. muſt be obſcure lines. 

Aga, draw DF, = EG parallel to it, to cut 


Fr in 


get U. 8 U BVEYING. 


Let ABC be the triangle, and E the point given. 


be ABCDEEF, and let the point be at the angle D. 


77 
F * 


33. 


34+ 


the baſe AFin G; then draw DG for the other 
ſide. | 


" * 


58 U t i d 6 
+ | In ſhort thus. 


From AC open your parallel ruler to B, to cut 
AF at H. From HD open to C, to cut at I; and 
draw ID. 

From DF open to E to cut at G, a draw DG. 
Then IDG is equal to ABCDEEF. - 

- For by reaſon of the parallels CA, BH, the tri- 
angle CBA i is equal to the triangle CHA, There- 
fore inſtead of the two fides &. BA; the ſingle 
ſide CH-may be taken. Again, by reaſon of the 
parallels DH, CI; the trian ngle DHC is equal to 
the triangle DHTI; and therefore inſtead of the two 
ſides DC, CH; the ſingle ſide DI may be taken. 
In like manner the triangle DEF is equal to DGF; 
whence the COP? IDG is 1 to che figure 
ABCDEF. 


Cor. 1. Hence any on may be reduced ; to fewer 
Ades, by taking away one or mere fides of it. 

Thus ABCDEEF is reduced to HCDEF, , and that 
to IDEF, and that to 100. 


Cor. 2. Hence a triangle may be reduced back to a 
"polygon, or @ polygon to another of more fides. Which 
is uſeful in reduction, when the area is to terminate at 
a certain point, as F. 
T' bus to reduce GD to the point F. Draw Hom 
PF, to the next angle PD, the line FD; and from G, 
the parallel GE, to cut the other fide DE in E, if 
there be ſuch a fide otherwiſe take any point E in 
the parallel GE, and draw the two Ines DE, EF. 
Likewiſe to reduce DI to the point II; draw 
HD to the next angle D, and IC parallel to It, in 
which take the point C, and draw . 
Again, to reduce C 1 t the point A: draw AC 
to the firſt angle C, and HB 21 55 0! it, and take 
-B therein, And draw - B, BA. 


e Scuol. 


_ 
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It will be beſt to take ſuch a fide, for the baſe, * 


and ſuch a PR for the vertex, of the triangle 
(which may be in a fide, as well as an angſe), that 
when the operation is finiſhed, the height and haſe = 
of the triangle may not be very unequal ; obſerv- 4 
ing that the higher the vertex is, the ſhorter the 
baſe will be. I the point for the vertex be taken 
in a fide, it is the ſame thing, as if the poligon had 
one fide mormeeee. _ 


* RO R. AI 
To caſt up the content Hu triangular field. 


eh Dana an N03 234, ALIA e520 ow er 7 * 
Let ABC be the triangle propoſed. Having 10 11. | 


1 
the baſe AC, and perpendicular BP, either b 
meaſuring them in the field; or elſe meaſuring the 
by the ſcale, upon the draught, laid down upon | 
oO Eg POOR e 
Multiply the baſe by the perpendicular, in chains 
and decimals. And take half the product for the 
ſquare chains, which divide by 10, gives the acres, 
and decimal parts: or, Which is the ſame thing, 
from half the product, cut off five figures for a de- 
cimal. If you have a mind to find the roods and 
perches, multiply the decimal, firſt by 4 and then 
by 40. er * e 
Note, you may multiply half the baſe by the per- 
cults or the baſe} y half the perpepdicular 


tor the co: tent in chains, &c. N. I 


„„ —— = 


* 
11888 . „ 
X'4 k 

- 8 ” ” 14 1 "& 3 17 Kr 

— 5 * 1 * h 
thn © . Eule 0 A. 56 2 211. + * 

- P a 8 N 

- 0 +. 15 
Fa * % g * # 5 N 0 s 1 10 " ? * * 1 — * 
a% ml - i - 4 4 Z = FI A. * " — it * 1 7490 Na 
* % c 


| | When too fides AC, CB, and the included any 


Ee, | 5 


Baſe AC Wn 7 
1 1 


7— 


| Prod. — 33.1475 
„ 
Content - 14757 acres. 


Or thus, 


| le C, art given ; or when AC, DB, and angle 


Are given. 
Add together the logarithms of AC, CB, = 
kus of Mis angle C; or elſe of AC; DB, a 
S. ADB; and from the ſum abate 16. Find — 


number anſwerin _ veg logarithm. Then half that 


N Bünger divided is the content in acres. 
3 "Ie * 
55 8. 223 — . 19700 
— 243755 
— FI 


8. br 9 


5% = 1.54763 
Content I. 764 acres. hehe 


— 


Or thus. 


a, a fide AC, and the adjoining antics A, 
given. To twice the — baſe AC, add the 

5 of the mg A and C; from the ſum, 
4 the log. fine of the ſum of theſe angles (or of 
the 


Ll 


0 — 
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Sect. U. 


the third angle B), and throw. away to. Find the Fig- 


number of this logarithm; and divide het 1 it 0 12 
bo, IEG content, 


* 1 
AQ — 8.27 e 
0.91750 | 
S.<C 38 20 9.79255- 
8. <A 5539 9-91599 + 
21.54354 | 


S. SB 86 10 9.99902 


35.44 1.8442 
5 : . — — 2 
Content 1.752 acres. 


= — 
9 * 
_ 4 " 


* 2 I 


Or thus, by the laf data. 5 5 
Divide the ſquare of the baſe AC, by the ſum 


of the natural cotangents of the angles A, C. Half 
the quotient divided by 10, gives the area. 


8.27 1.2647 
8. BET 0873 © | 
5109 1:9520 J68:393 (35.4 
1654 58 560 1.752 content 
6616 — nar. 
— 9 8330 


68.39 


1 * 8 


9. 


n 


73000 


Otherwiſe thus. 


When the three fideo: are given. ind half the 


ſum of the three ſides, and ſubtract each ſide from 
it. Then —— _ half ſum and the three re- 


F 4 mainders 


— 2 — - —_ —  - — — » I +» 
—— 0G — —— — —— — — 
— — - 8 — 
' . 


— 


— — 
— * 
* 
* — 
LE = 
_— ——— x 


. —— 7 
2 — = - » „ 


— — — 


— _ — - > 
— 2 — * = — * 
— 2 ——_— 4 r —— — — — - 
- . 
— xe G i - e 
— 


— — —— 


— ä —̃ — — — —— 


— 2 


— 


— - 


* A * - A A 


82 8 UR v E 1 Ns. 

Fig indndei continually; and the ſquare root of the 

11. laſt product, divided by 10, gives the are. 

Rather add their four logarithms together, and 

ta\e half of the ſum ; and the number being found, 
the tenth part of it is my area in acres. 


Dun. 
AC 12 7 0 £ 8 22 . 
CB 6.8889 !0-v 0 Þ: >< 
AB 5. rt 11 _ 
— 
20.29 Log. 


+ fum 10. 4 1.0050 
1 diff. 1.879 0.27184 
2 diff. 3.27 1454 
3 diff. 5.00 wad 


* , * 9 
14 * 
1 ” — = "=—— 1 NN — — —— . 
= N = ( . ” C 


430 4 #4 & El aitera wy; 
12 1245 OTE OS 

Content 1. 761 sere, 2996902 binn v7 in 
92 pe 2 1 +. ts 2 3 


2 * | a2 Jo 1 9 227 201 a 


P RO B. xlIV. 


To caft up the content of a ore, a reangle, or 
of any parallelogram.. 

Multiply :the length, by the breadth (which: i 1s 
the neareſt diſtance from one fide to the other); 
and the product, divided by ahh is the are. 


—— 9,4 eons * 


* 
4 14 1 * . , . L 
oY I " ; 
$44 13 4 '$E « " ; 


ect. II. 1 R W ETF IN G: 


FVBramp. 
Leng . +00 ; 
it Breadth | 10.60 


4. 172.4620 EF 

| Content 17.246 acres, TOY may be. 
reduced to roods and n. by multiplying by. 
4 and 40. 


PRO B. XV. 
To caſt up the content of a nen, ABCD. 


Having found the diagonal BD, and eren 
culars AF, CG, either by meaſuring ir in the field, 
or upon paper, after it is laid down. Then 

Multiply the diagonal, by the ſum of the per- 
pendiculars; and half the product, divided by 10, 


is the content. 
Tramp. L 


| A che 3 and auen culars, the Jane 
as were meaſured in Prob. XII. Set. I. 


1, perp. 5-18 Dig. 8.37 
5 #321 vp 4.86 1004 
t at 7 139 nt 013 „ 
220 NS ee 10.04 3% 3348 
u M 037097 A nl 0 


340348 


. » ( EE Ce Igs 
- 


Content 4.202 acres. 1 
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— + — ODEO — 
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- 
4 — = 
—  —  _— — — 
— — —— — > a, — 
1 — 
=... CY - - 
= - 


— 


5 OR VEYING. 
& Or thas. | 


13. Where the lengths of the diagonals, and the an- 


gle they make, are given. Multiply the diago- 
nals and the nat. fine of the * Baer = of 


and the product divided by 10, gives the content 

Or rather, add the ms of the diago 
and the log. ſine of the together, ing 
=; bnd the number belonging; To divide half 


of it by 10 (or the Wen by 20), — che con- 


tem. 

. Examp. 

Suppoſe iſe the a mn and diagonals, as meaſured in 
Prod. XII. Sect. 


AC, 5.54% 0.87737 
22 DB. | 4 117 9.79028 
2 8. AEB, 66 20, 9: 95184 


44.613 1 62949 | 


* ee Ae tt 


Content 2.730 acres. 


PROD, XVI. 


A in form of en 
porygens . 


14 Since we do not aſs want to nd a draught 
of a field, but only to find its content; in ſuch 
caſes, we only meaſure ſuch lines as are neceſſary 
for finding che content; and then fewer meaſures 
will do, tor 
The ſhorteſt way then to find the ** is to 
divide the field into trapeniums, as few as you can, 
or into s and triangles; and to meaſure 
the diagonals and perpendiculars in the field, and 
ſet them down; and likewiſe the baſes and perpen- 
diculars of the * if there be any. Then 


find 


bed, H. 8 UR VE II n G. 833 

find the contents of each of the trapeziums, by the Fig. 

laſt Prob. and of the triangles, by Prob. . and 14. 
the fum of all is the content of the field. | 


Let th meaſure be taken as in Pro, XIE Sect. I. 
1. Trapezium CDEF. ct 


x peip. 3.54 | Ding, 13.88 
2 perp. 235 83 


Th der. ABG. 


baſe 10.56 
Perp. 3-32 
2112 
3168 
| 3168 2 2 
35-9592 


8682. BU RI EWAN SS 7 ro» 
r eee 
_ When we have not got the diagonals and per- 
pendiculars, requiſite for caſting up. The held 
muſt be laid down on paper, by Prob. III. And 
then, by dividing it into trapezia and triangles, we 
muſt meaſure theſe as before. Therefore what we 
have to do, is, to meaſure the lengths of theſe dia- 
gonals, and baſes: (with the ſame ſcale the field was 
drawn by) in chains and decimal parts; and their 
correſpondent perpendiculars, by taking the near- 


eſt diſtance from the vertex or angle, to the baſe 
or diagonal. — ce 

Then multiply the diagonal of each trapezium 
by the ſum Gf its perpendiculars; and the baſe of 
every triangle by its perpendicular; and take half 
the ſum of all theſe products, which divide by 10, 
gives the acres and decimals, And the decimal 
may be reduced to roods and perches, if you pleaſe, 
by multiplyin by 4 and then by 40. 

And note, if any part of the area caſt up is with- 
out E field, ſuch part muſt be ſubtracted from the 
. | 

As for the offsets, and parts of irregular curves, 

if there be any; they muſt be computed ſeparately, 
add and added to the former contents, if they lie with- 
out the ſtationary lines; or ſubtracted, if within. 
To find their contents will be ſhewn in the follow- 
ing Problem. 88 
Otberwiſe ibm. 
1, Reduce the field into a triangle by Prob. XII. 
And if any fide in it be very irregular, running in 
and out, a right line may be drawn by the eye, that 
takes in, as much as it leaves 6ut. Then the baſe 
of this triangle multiplied by its height, and half 
the product divided by 10, will give the area in 
acres, as uſual, . 


This 


aft, SURVEY IN . 


ums and triangles ſeverally ; and far more eaſily 

JJ 77777 * 

* e Examp. int pla 

Lit ABCDEF be any feld; which is reduced to the 

triangle IDG. And let the baſe IG be 9.00, and the 

perp. or the neareſt diſtance from D to AF 6.46. 
58.14 


Content 2.90 acres in the triangle. 


Therefore the content of the polygon is 2.907 
. r 
e 

In uneven hilly ground it has been diſputed, 
whether the horizontal baſe, or the true ſuperficies, 
ought to be computed; and the greateſt. part of 
ſurveyors. ſeem to be agreed; that the ſuperficies 
ſhould be meaſured, - And indeed, fince ſurveying 
is but a mechanical practice, we may lay down this 
general rule, that ſince we meaſure by the chain, 
we muſt compute by ſuch dimenſions as we find 
hy the chain. But if we compute from a map or 
draught, we muſt needs take our meaſures from the 
map, to compute by. And in theſe caſes there will 
always be a difference between the area meaſured 
and the area planned; more ar leſs, as the ground 
is more or leſs hilly and. irregular; and fubject to 
aſcents and deſcents, and to hills and dales. But 
tho* th: ſuperficies ought to be meaſured, only the 
horizontal baſe muſt be planned; for othefwiſe'a 


map cannot be made too cloſe, i. e. for the adjoin- 


ing parts to come together. 1 
| . 


pr 45 
| RY SH Strider Err intel. ; ' % 

This reducing a field to a triangle, is as exact a Fig. 
way as caſting” up the contents of all the trapezi- 34. 


= 


34- 


SURVEYING... 


Fig. It may be obſerved, that ſince all ground is more 


or leſs irregular, as well as the fences that incloſe 
ir; therefore if ſeveral perſons farvey the ſame piece 


of 1 two of them will give exactly 


the ſame content. Nay, if even the fame perſon 


| ſurveys it twice, he will differ from himſelf more 


© he $ ; eſpecially if he ſurveys it by different me- 
8. ** 
If any geometrical curve is given to be ſurveyed; 


you muſt meaſure it by the rules of menſuration, 


for that purpoſe for | cannot here lay down rules 
for all ſorts of figures, but ſuch as are common, 
and ſuch as come in practice every day. But for 


. geometrical curves of all forts, I muſt refer to that 


10, 
which muſt be added or ſubtracted, according as 
they lay within or without the field. © 


offset, by dividing the 
number. Then multiply this mean offset by the 
whole baſe, for the content in chains, which divide 


book. But theſe things rarely come in queſtion. 


PE R OB. XVII. 


To caſt up the contents of offsets and parts of ure. 
gular curves. . le 


1. The parts of a field contained by offsets are 
trapezoids and triangles ; and therefore they muſt 
be meaſured as ſuch. And to find their contents, 
multiply each part of the ſtationary line by the 


ſum of the offsers on each end of it, and this bei 


repeated as often as there are offsets ; add them all 
together, and take half the ſum, and divide it by 
ives the whole area contained by theſe offsets; 


the offsets are at equal diſtances, find a mean 
Jun of them all, by their 


dy 10. 


| Examp. 


Sec. II. 


Content 222) inacres, 
for the area of ABbyeo, 


And after the be 7 manner muſt all the offset 


areas be found in the field ADF, Fi 


tracted from the whole content, 2s they lay with- 


out the geld. 


1g. 26, and ſub- 


s UR VE Y 1 N 6. 
TY Exany. 2 
8 AB be the ftationary line, and A 1. 
Foy; the o WTI ar ts Pros ul. SeR. I. 
To find tbe ares ABhgeoA, 
Offset at A . Offset at c, 0.87 
4486 c, 0.87 at d, 0.23 
0.87 e ee 
Ac 1.94 cd, 1.48 
3 48 880 
283 440 
Adi 110 
1. 6878 1.6280 
Offer : at d, 0,23 Offset at , ' 0.81 
rf, 0,81 248 B. 0.47 
1.04 1.28 
4, 78 FB, 28 
520 10 24 
728 r 
7800 35 84 | 
—— 1.08 78 
1.62 80 
78 00 ' 
44542 


9 If 


— 


„„ URN Nn 
Fig. 2. If any part of the area be bounded. by a re- 
31 gular curve, and the height be ſmall, multiply the 
- * © baſe by the height, and take + the product for the 


| content mn-chains,} - + 2b 15D 

35. 3. When ſome part of the ground is bounded' 

4 by an irregular curve, as abe, meaſure che baſe AC. 
Then for finding the content of ACca; erect the 
perpendicular ordinates or offsets Aa, Bb, Cc, at 
equal diſtances, and mcaſure_ them; Then 


Aa + Cc +:4Bb, AC, will be the area of Acc, 


6 - 
in chains. * | 
Or more exactly, if ad be a curve; divide the 
baſe AD into 3 equal parts at B, C, and meaſure it, 
and the perpendicular ordinates Aa, BS, Cc, Dd; 


then Ag = Dd + 3BY * ce „ AD, will be the 


| - 
area of ADda; in chains. | „ 

Or more exactly ſtill. Divide the baſe AE into 

four equal parts, at B, C, D; and meaſure the 
offsets or ordinates, Aa, Bb, Ce, Dd, Ee, (as in 

Cor. Prob. III. Sect. I.) then will „ 
7X Aa +he+32 x BB +Dd+12Cc, Ak be 
| | 2 r 
the area of AEea, in ſquare chains. 


3 n 87 
If a lordſhip is to be ſurveyed; after all the 
fields have been meaſured and laid down in the 
plan, the contents of them all are to be caſt up, 
one hy one, by ſome or other of the rules and di- 
rections beforegoing; and their contents written in 
the field, or elſe put into a table, to have recourſe 
to upon occaſion. .. And ſuch a table or book is beſt 
made, to have the names of the cloſes, go on alpha- 
berically ; eſpecially if the lordſhip be large, and 
contains a great number of cloſes. 
i, | os -PROB. 
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Sect. II. s U V 2 6 96. 
* | Yi Fig! 


v R Oo 5. XVIII. 


Jo lay out any number of acres in a mut, N 
baſe and containing angle is given. 


Moltiply the -baſe AC by the nat. ne of the 36, 
angle C, for a diviſor, by which divide 26 times 
che acres given; and the quotient is the fide BC. 

Or thus by logarithms. To the log. of the num- 
ber of acres, add the conſtant logi 11. 1035 and 
reſerve the ſum. To the log, baſe AC, add the 
log. fine of the angle Cy and ſubtract this ſum from 
the former ſum. The number of the remaining 
log. is the fide C. 

For if A be the number of acres, then 


ACXCBXSC = zrea <A, therefore CB 22 
2X 10 | A 
l | 5 
ACX S. C wks 
. Examp. 


Suppoſe 17 64 acres to be 10 out in 4 triefigli, 
whoſe baſe AC is 24.81 chains; aud angle C, 38 20. 
To * the other fide CB, 


17.04, 1.24649 
conſt. log. 11. 30103 


„ „ . 


OR 
. | ' N 


"ke 24. 61, "Mg 39463 
S.C 38 20, 22 79255 


14, 18718 


| x68 29.92, 1. 36034 chains. 


n 


Cor. If you would lay out any number of acres in 4 
triangle, of a given berg bt. 
3 Divide 


* — * 
A & 
< 
* *. 
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Fig. 
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SURVEYING. 7H 


Divide twenty times the number of acres, by 


that height or perpendicular; the quotient is the 
Ne of 1 baſe, for wy — 


p R OB. XIX: 


To lay ont any. Say: of acres in a reden, whoſe 
baſe i is Bie. 5. i v | 


Divide ten times the Siren number of acres, b 
the baſe given; and the quotient 18 _ height of 
the e Ps, f hut 


„ 


0 


15. 5a hege 50 35. 16 the bebe. 


9440 
thor EN 
e 3050 
n 


>. Oh 


1223 


— — 140 


Cor. If the acres are 1 le in a ſquare ;, extra?! 


the ſquare root of ten times the number of 4 acres given, 
for ihe fide of the fag Ros 


Se n. SURVEYING. 
p RO B. XX, 


To divide a triangle in any ratio, from an angle ; 


or 2255 cut of "any part of i by a line drawn Jree an 
| ang | | 


Divide the dat de AC; in the point G, in 
the ſame ratio that the triangle | is to be divided z 
and draw the line BG. 

Or if the area be known; ſay as the whole area 
ABC, to the part to be cut off ABG; fo is the 
whole baſe AC, to the part AG to be cut off, then 
draw the line BG. . 
As if you want 4, *. or 4 of the Ld cut 
off, make AG to be 2, or I ot AC, and draw 


- BG 


For triangles on the ſame baſe, and of che be ame 
height, 3 * baſes; ; therefore * 34 
AT: AC. 


Cor. 1. I 0 want to cut of a given quantity 
the triangle, without Wenns its en pro- 
2 Prob. XVIII. 


Cor. 2. If you would divide the triang le into 4 
number of equal parts; it is only idr the fide A 
into the ſame. number of equal. parts; and drawing 
* to theſe points, from the oppoſite angle. | 


PROB. XXI. 


To divide a triangle ABC in any proportion, by 
8 line DE, drawn parallel to a given fide BC: or to 


cut off any part of it, 


Fig. 


"Divide either fide AC, in the given proportion, 38. 


at F. And make AE a mean proportional between 
AF and AC. Thro' E draw ED parallel to BC, 
which divides the triangle as required. 


G 2 Or 


39. 


ö he 
Fig. Y | | | | 

38. ö Or thus. 8 
Say as the whole 4 to the part next the 


angle A to be cut off; ſo is the ſquare of either 
ſide as AB, to a fourth number; 228 the ſquare 
root of it, which ſet from A to D, and draw DE 
parallel to AC, for the dividing line. 

For the triangles ABC and ADE are ſimilar; 
therefore ABC: ADE: AB* ;AD*: : AC: AE* :: 
A0 * F | | 1 


'PROB. XXII. 


To divide a triangle ABC in @ given ratio; 5 a 
Tine drawn from a given point D ina fide 3 or to cut 
off any pars of it. 


From the given point D, draw a line DB, to the 
oppoſite angle B. Then divide AC in F in the 
given ratio; and from F draw FG parallel to DB, 


to cut Cg; in G; then draw DG, which divides the 
triangle as required; the part DGC being at at 


and the part ADGB, as AF. 

For drawing BF, the triangles GFB, GFD, con- 
rained between the ſame os are equal add 
to both CFG, then CF ual to CDG; and 
therefòre either of them is wr e whole CBA, as 
CF to CA. 


Cor. 1. If you want to divide the triangle ABC 
into any number of equal parts ; divide the baſe AC 
into the ſame number of equal parts; from all which 
points raw parallels to BD; 2 where they inter ſet? 
the fides AB, CB, draw lines from thence to D. 


Cor: 2. F you want to cut off a given quantity 
from the triangle, without knowing its content; _ 
ceed according to Prob. XVIII. 


7 8 


PROB. 


2 


Sect. II. . ri 
PRO B. XXIII 
20 "divide a triangle ABC in a given ratio, or cut 


off any art of it 4 line Gl erpengi Jar 10 
fue AG. : by Kann any 


Draw BD perpendicular to the ſame fide AC, 
And let x repreſent the part to be cut off, and 5s the 


whole area. Then take AG = = WL» ADAC, 


and at G erect the perpendicular GI, then AGE 

is the part required. "if G falls between D aud ©, 

take the other 157 (s—7), and meaſure from C. 
For, we le AGI : triang = ACE :: AGxGI: 


| AC * BD: : I ce AG Gag AD: 
7 X AD * AC: AC AD: ; 


12 ron XXIV. 


79 divide a triangle ABC into three Tre 
by three lines drawn 2 the three angles, A, B, C. 


Make AD a third part of AC; thro' D, draw 
DE parallel to the next fide AB. Biſe& DE in 
F; and from F, draw to the three.angles A, B, C, 
the three lines FA, FB and FC, which will divide 
the triangle as da e ſed. 

For ſuppoſing inc drawn from B to D, the 
triangle ABD 3 be + of ABC, but ABD and 
ABF are equal, being contained detween the ſame 
parallels; therefore ABF is + the triangle ABC: 

Therefore the two equal triangles AF C and BFC 


ere equal to + of ABC; : and each is + of it. 


Cor. Hence a triangle ABC may be divided into 
| parts, by 3 lines drawn from the three angles, whic 


halt be as any three münden a, b and c. 
bot G3 Ver 


42. 


96 
| Fig, 
41. draw DE parallel to AB. Then make DF to DE 
_as#tob +c. AnddrawAF, BF and CF. Then 
it is plain, AFB 1s as the number a, and AFC as b, 
and BFC as c. For AFD: BFE : : DF (): 
FE (c) :: DFC: EFC. Or AFC: BFC: : 3: c. 


42+ 


S UR VE T IN G. 
For make AD to AC as a to a bc; and 


; PRO B. XXV. 


Ts divide a triangl! ABC into 3 parts from a given 


nt D within it; to be to one . as the num- 
ters a, b, and c. | 


In any fide AC, 5 a AH to AC, as 4 to 
a +6 =p c, and draw DH, and from the oppoſite 


angle B, draw BF parallel to DH ; and draw DB 


and DF, then ABDF 1s the part repreſented by 4. 
In like manner take CG to AC, as another of 
the numbers b, to @a+b +c; and draw DG, and 


BI parallel to it; and draw DI. But as I falls 


without the figure, to reduce it (by Cor. 2. Prob. 12.) 
draw DC and IN parallel to it, to cut BC in N, 
and draw DN; then BDN is the part repreſented 
by 5. Therefore F DNC is the third part repre- 
ſented by c. 

For ſuppoſing BH x then by conſtruction 
ABH will be equal to a = ABF + FBH = ABF + 
FBD = ABDE. 

Again, if BG be ſuppoſed got ; then by con- 


ſtruction GBC = þ = GBI — CBI —BDI — BCI 


= (DOT being a right line) BDO — OCI = BDN, 
becauſe DON = COT, * Kaen of the a 


DC and NI. 


Cor. By the ſame way, one may Aver a d 
into as many parts as he pleaſes, from a given point D 
within it; and in any ratio aſſigned. _ 

But ſuch Problems as thele, are more for the ex- 
erciſe of , than lor any great uſe they 

| are 
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are of in ſurveying. I ſhall only add another, about Fi ig. 
triangles, of the ſame. ſort. . 


PR OB XXVI. 


71 9 divide a triangle ABC in a given ratio, by a 
line IH, drawn thro" a given point D. 


Make AF to AC as the part AHI to the whole 4 * 
ABC, and draw BF, and alſo DG parallel to AC. 


Then put P = SEE And take AH = 2b. | 


SET 1 — = AG x P, and draw IDH. And when AH- 
comes out greater than AB, work for the Angle Ga 


inſtead of A. 
For, the triangles AHI and AFB will be Sul. 


whence AH x AI = AFXAB, and AI 75 AB 


And by the ſimilar triangles HGD, HAI, HG ; 
GD:: HA: Al or RE AH: AF x AB. 


Whence HA* x GD=HGxAF x AB = HXA 
XAFXAB=HAxXxAFx AB — — AGXAF x AB, 
AB X AF x AG 


GD 5 — 
= PHA - PX AG. Which reduced, and the 
root extracted, gives HA=zP + VEE +PP—AGxP. 


Cor. If the point given, is without the field, at 


45 then will AN = AY +VIPFAg x P. 
For then g being on the other ade of A, Ag will 
be ce | 


G4 PR OB. 


* 


Nee 
4. P'R OB. XXVI. 
'To divide a parallelogram in any ratio, or to cut 


A any part of it; by a line * to one of the 
Ades. 


Dꝛvide the other ſide AB at E. in the given ra- 

tio, and make CF equal to BE, and draw the line 

bi EF, which will divide the parallelogram as was 
| N | 

u want a certain. part of it cut off; take 


& ſame pars of BA, and CF of CD; and 
[oF EF. 


y ©. OT you deſire to cut off ſo many acres, without 
knowing the content of the whole; divide your 
number of acres by the breadth of the parallelogram, 
EG; and the quotient will ſhew how far you are to 
meaſure along the ſide BA or CD ; where you muſt 

draw a line, parallel to the fide BC or AD, as EF. 


Cor. Hence, you may divide a parallelogram into 
any number of equal parts; by dividing the oppoſite 
fides, AB and DC into the ſame number of equal parts, 
and drawing lines thro the correſpondent Nur. 


p ROB. XXVII. 


To: divide a Utrapezoid in a given ratio, or to cut 
. part of it; oy lines craſſing the pare feaes. 


Divide the parallel ſides AB, DC in the ſame 
45. ratio, and to the ſame hand, as at E and F; and 
| draw the line EF, which will divide the trape- 
zoid in the ſame given ratio. 


= 
. 
. 
1 * 
* 
„ . 
— —— — — — — — ̃ — — — — — — ———— —— — 
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Otherwiſe, to cut any part off it; z make AE the 
| fame part of AB, and DF the ſame part * DC; 
and draw EF, 


os 


„„ 


| 


-— 0 


"i 4 


Cor. Hence a trapezoid may be divided into as nam F ig. 1 
equal parts as we pleaſe; by dividing the two parallel 45. | | 
ing the correſpondent lines. | 


PROB. XXIX. 


Jo divide a trapezium in any given ratio of the parts, 
from an angle A. Wk | pt 


Draw the diagonal BD oppoſite to the given an- 46. 
gle A; and divide it at I, in the ratio given; and 
draw the lines AI and IC, which will divide the 
trapezium as required. e £ IR 

But, if you would have one right line drawn 
from A to divide it; draw the other diagonal AC, 
and IF parallel to it, to cut DC in F, then draw 
AF, which will divide it in the given ratio. 
For the triangle AID is to AIB, in the ratio of 
DI to IB, that is in the given ratio; and CID is 
to CIB in the ſame ratio; therefore the part ADFI 
is to the part ABCI in the given ratio. But by 
reaſon of the parallels AC, IF, the triangle AIC. 
is equal to AFC; and therefore ABCI is equal to 
ABCF ; and ADCI equal to ADF. TIS 


To divide the trapezium ABCD, in any given ra- 
tio, by a line drawn from E, @ point in the fide-AB. 


- _ ay _ — - — — 
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Produce the oppoſite fide DF; and reduce the 47, 
trapezium ABCD into the triangle GEH, from the 
point E, by Prob XII. Then divide the baſe GH 

at F, in the given ratio, and draw EF, which will 
diyide the trapezium as required. | 6 vl 
If the point F falls not between D and C, but 


Fern C god DAL. HR. DO: OE BE progyceg or. 
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SU RIDA ANG 1 -. 
the baſe, inſtead of DC. Or elſe reduce it back, 
by Cor. 2. Prob. XII. 

For the part DAE is equal to DGE, and ECH 
equal to ECB. Therefore ADF is equal to EGF, 
and EBCF equal to EHF, whence theſe parts are 


as GF and FH, that is, in the given ratio. 


To cut off any quantity of land from a trapezium, 
by a line parallel to one fide, as CB. 


Divide the number of acres, given to be cut 


* off, by the fide CB, to which you are to go paral- 


lel. And the quotient ſet out from B to E, and 
from C to F; and draw EF. But if EF is greater 


than BC you muſt ſcarce go ſo far, from Bor C; 


or if it be leſs you may go ſomething further. 
But when this is ſet out, as the field is irregular, 
you muſt meaſure the quantity cut off CBEF, and 
ſee what it is over or ſhort. Then meaſure FE 
and reduce that difference of the areas, to ſquare, 
chains, which divide by the length of FE, and 


the quotient muſt be ſet from E towards A, if you 


had cut off too little, as to e; and from F to f. 
But the contrary way if you had cut off too much. 
Then draw ef 4 the true line of diviſion. 

Note, you may ſet it all to one end if you like; 
and then you muſt double the quotient, and ſet 
it from E to , on the greater ſide, and draw nF. 
And indeed the courſe of the ridges in a field of- 


ten confine us; ſo that when we expect they run 


parallel to the hedge, we find them otherwiſe ; and 
therefore we may lay out more at one end than the 


other, in theſe caſes. 


Cor. Hence «ve may apply this method to any poli- 
gon; provided the fides AB, CD, that we work upon, 
be not far from parallel, Otberwiſe a proper allow- 

ance 


Sed. ll. eee 

ance muſt he made for the Increaſe or 58 of the Fi ig; 

fine EF. 48 . 
PR 0 B. XXXII. | 


Any poligon, regular of irregular, being given; 10 
divide it in a given ratio, from a point in an 5401. or 
8 Corio ext off any quantity from: ins -- 


Let ABCDE be the poligon ; reduce. it into a 49. 
triangle CFG, by Prob. XII. whoſe vertex is C, 
and baſe FG. Then divide FG in the point I, in 
che ratio given; and draw the line Cl, which di- 
vides the triangle FCG, and alſo the poligon 

ABCDE, as was 5 required. 

Note, if CI do not cut AE, but ſome other ſide 
AB or. ED, then that fide it cuts muſt be produced 
for the baſe inſtead of AE, the point C being till 
the vertex ; or clic it may be reduced by Cor. 2. 
Prop. XII. | 

If a given quantity of acres was to be cut off; 
reduce that quantity to chains, and take the neareſt 

diſtance from C to AE for the perpendicular; di- 
vide twice that number of chains by this perpendi- 
cular, and the quotient will be the length of the 

baſe, which ſer from F to I, then the line CI drawn, 
will cut off the quantity propoſed ABCT, 


Otherwiſe thus. 


If the ratio of the two parts be given, and the 
whole quantity; then either part is eaſily found. 
Therefore to cut off any quantity towards CB, 
meaſure fo many triangles next that fide, -as CBA, 
CAE, &c. ell you 1158 1 much (or 
wants a ſmall matter); then cut off the overplus 


from the laſt triangle (or the defect from the next); 
and draw the line of diviſion. © © | 


The method to cut off the due part of the laſt 
triangle” is this, let CAE be the triangle, then 50 | 
vide 


102 


Fig. 
49. 


SUR VV E Y: IN G. 
vide twice the exceſs (reduced. to chains) by . 
dicular from C to AE; and the quotient ſet 
from the laſt angle E to J, gives the point of di- 
vation. 
Examp. 

The field ABCDE contains 42 acres, * part 
CBAl to be cut off is 27 acres. The triangle Ba 
is 10.80; the triangle CAE | is 24.46. The per- 
8 22.7. | | 


10.80 
24.46 


27.00 


over. 8.26 = 82.6 
—— Chains 
85 WET 2 


2 


— (ͤ ———— 


22.7165. 207.28 = EL. 
ic 


Y ; 


Therefore if El 5 made = 28. chains, and CI 
drawn z the part CBA] will contain 27 acres. 


Cor. By. the ſame method, 4 poligon may be divided 
into any number of 'tqual\ parts; and even into any 
number of parts, whoſe. Proportions. are expreſſed by 
any n 8 
This is done either by dividing the baſe of the 
triangle FG in the ratio of the ſeveral parts. Or 
* cutting off the (Freral parts of the figure poc 

after 


Sen I $SURVEFING , 
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after another. And when there are many parts, it Fig. 


comes to no more, than dividing a triangle into ſe- 
veral parts, by lines from the vertex, as explained 
in Prob. XX. vat 1 
This problem is of very great uſe in practice; 
and by ka methods any pieces of land may be di- 


vided more expeditiouſly, and as truly as by any 


method whatſoever. And for-meaſuring any poli- 
gon, when it is reduced to a triangle, it is done at 


49- 


v4 


once; which otherwiſe would require as many cal- 


culations, as there are triangles. 


12 P RO B. II.. 


To divide a poligon into any number of parts, egua l 


or unequal; by lines drawn from a point within it. 


To do this, you muſt have the content of every 


9 


beginning at any angle, draw a line to that angle, 


triangle in the field, and of the whole field. And then 


and take ſo many of the firſt triangles as will make 


the firſt uired ; and what they fall ſhort of 
that TE Re Of the next trian 4 Then take 
the remainder of that triangle, and ſo many of the 
next, as will make up the ſecond part. And ſo pro- 
ceed round the figure, till all the parts be laid out. 


CS. 413  Examp. * 

Let ABCDEF ze a field containing 69 acres, which 
is to be divided among three men, from à pond in the 
middle at G; ſo that every man may have the benefit 4 
_the-water. And'tbe firſt man to have 25 acres, the 
ſecond 20, and the third 24. To ſet out every man's 
Hare from the angle C. 0 2 
Draw the line GC for the 


beginning of the divi- 


30. 


ſion; and alſo lines to all the reſt of the angles, as 


GB, GA, GF, GE, and GD. Then meaſure 1 


- 


all 
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the triangles z and their contents vin be as fol- 
30. lows. 9 
CB 11.81 
| BGA. 15.27 
AFP 6.07 a rode * 
P | bar 
"Raw": | 16. 83 Nn ( ad , 
I IF ans © ue bed 
69.0% MW, 1510 


Nein 16 39911 ene 
Then ſince the firſt n man's hare is 25 acres, the 
firſt triangle CGB 4 r.81-i too little, and the firſt 
and n triangles together, CGB and BGA, 
comes to 27.08, which is more than 25; therefore 
ſubtract 2 5 therefrom, and there remains 2.08. 
And therefore we muſt cut off 2.08 acres from the 


triangle BGA towards A. To do which, meaſure 


the perpendicular from G to BA, 13. 28 chains, 
and reduce 2.08 acres to chains, Which Will be 


20.8 ; divide 41.6 or double theſe chains, by 18.28; 


and you have for the quotient 3.13 chains; which 


We little; an 


ſet off by meaſure, from A towards B, as to H. 


for the dividing point. And draw GH, ſo'CGHB 
is the firſt man's ſnare. 

Then for the next man's ſhare. Add this 2.08 
acres cut off, to the next triangle AGF 6.07, the 
Jum is 8.15 which i is too little, add the next trian- 

gle FGE Vs makes 14.80 acres, which is ſtill 
3 adding the next triangle EG, it 
will be far too much. Therefore we ſhall cut off 


an additional part of the triangle EGD at E. Sub- 


tract 14.80 from 20 the ſecond man's ſhare, and 
there remains 5. 2 acres, or 52 chains. The per- 

ndicular from G upon ED is 13.0 chains. There- 

Pore divide 104 (the double of 32) by 13.9, and 

the 3 is 7.48 * and this muſt be _ 
ſure 
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ſured off from E towards D, as to I. Then drawFig. 
GI, and HGIEFA will be the ſecond man's ſhare. 50. 
Laſtly, the remainder of the triangle GDE, is 
11.63 equal to the part IGD; to this add the trian- 
gle DGC 12.37; and the ſum is 24 acres for the 
area GDC, which is the third man's ſhare, So 
the field is divided as was required. een 
If the field was to be divided into any number of 
equal parts; divide the whole content of the field 
by the: number of parts, the quotient ſhews the 
quantity of one part or ſhare. , As if there were 
12 equal ſhares in it, then one ſhare will be 7.3 
acres: Therefore cut from the triangle CGB, 7.5 
acres; and from that and the next 7.5 acres more, 
and ſo on; which may be done as before diretedy 
or by Cor. Prob. XVII. 14.4003 
If you deſire to cut off any number of acres gi- 
ven, without knowing the content of the whole 
field. Lou muſt - meaſure: triangle after triangle, 
till you get as much as you want, or very near it. 
And for the defect cut off a part of the next. 


To transfer a plan or map truly, from one paper 4 
en e 1 


[ 


Lay your plan upon the blank paper, and fix 
them both together upon ſome flat board or table, 
that they may not move from one another or part 
aſunder, till the operation is done. Then with a 
fine needle or pricker, make ſmall pricks thro? all 
the principal angles, or places on your plan, which 
will make ſo many marks in your paper. Then take 
off the plan, and draw lines trom one point or mark 
to another, as you find them in the plan; till all 
the lines be laid down. If you be in any doubt 
about ſome point or prick ; takes its diſtance from 
N FN one 


, SUR VB FI N G. 


Fig. one or two points, you are certain of; and appl 


Take the map or plan, and. rub .the backſide 
all over with black lead; then lay your paper upon 
a flat table, and upon that lay the leaded ſide of the 
plan. Faſten them at the four corners, that they 

may keep together. Then with a ſharp pointed 
bodkin run over all the lines in your plan, laying; 
pretty hard on; and ſuch other objects as you 
would expreſs. Then take off the map, and all 
the lines, that you traced with the bodkin, will ap- 
ar upon the paper; which 


r JW 0 raw, with 
ink, or may rub out at pleaſure, with crums of 


.+ 4 


| | 7 * r 4b $27 
renn Otherwiſe thus, a1 4/303 £4: 73 F 
Take a paper well oiled with linſeed oil; and 
laying the map upon a table, lay the oiled paper 
upon it, and faſten them together; then you may 
{ee all the lines and furniture of the map, thro? the 
oiled paper, as thro' a clear glaſs. Then with pen 
and ink, or with a bodkin, draw or trace all the 
lines in the map. So will you have a, map in the 
oiled paper, which you may place upon another pa- 
per, if you-pleaſe. Thus by an oiled paper, may 
the figure of any flower, fruit, or other curious 
thing, be taken from any draught of it. 
ernennen 


* fl 


rr Fg —_— —  —— en r 
The drawings in a map may be transferred 


to 
another paper, by taking every line from the one, 
and ſetting it upon the other, with a pair of com- 
paſſes: but this is very tedious, and requires a deal 
' of time; but to facilitate the work, there are three 
| legged compaſſes made, to take off three points at 
once, and ſet them down on the new paper. 
E462 ne f OTE N PR OB. 


% 
. 
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r ROB. XXXV, | 4 


To e any field to 4 greater or AA. 4. in any 
PE of - the Ades. TY 


Take a point in a de or an 8 as at A. 
From that Point, draw lines to all the other angles, 
as AE, AD, AC. Then on any ſide or diagonal, 
ſet off the tength of that ſide or diagonal, -accorde 

ing as you would have it reduced; fuppoſe along 
AF, from A to f. From f draw fe para rallel © FE, 
to interſe& the next diagonal AE in e. From e 
draw ed parallel to ED, to interſect AD in 4. From 
d draw dc parallel to DC to interſe&t AC in c. From 
dtaw ch parallel to CB. Then _afegebs, wil be 
the reduced figure. | 

Or you may take a point bin the doute,; as at 52. 
P; from which draw lines to all the angles, PA, 
PB, PC, PD, PE. Then make Pa the reduced 
length of any line as PA; and from a draw ab pa- 8 
rallel to AB, to interſect the next line PB in h. In 8 
like manner draw bc, cd, de, ea, parallel to _—_ 
CD, DE, EA; each from the interſection of the 
correſpondent line drawn from P. And abede will 
be the figure reduced, as was propoſed. And by 
the ſame rules, they 7 be waged to a bigger 
ſize, as well as a leſſer. I 55 


Cor. 1. Hence the reduced figure is nila to the 52. 
original fig are. 
For * angles are all equal and the ſides pa- 
ralled; and Proportional, to thoſe in the given. fi- 
gure. 

Cor. 2. Hence, a figure Ack may be divided in 4 
53 ratio, by lines — to the fides of the figure z 


the ſame method. 
Making N to AF*, or Po⸗ to PA., in the gl- 


ven ratio.” — 
H  PROB, 


SURVEYING” 
PRO B. XVI. 


7 redute a map): or plan, 40 4 . or greater fas, 
in [WP proportion of the ler. 99 E 


792 


M e = plan is not large, "Yay it . 


again by a ſmaller ſcale; to do which you muſt 
a eve 


ry line from the plan, and apply it to the 
ſcale it was laid down; by; and then take the ſame 
numbers, off the lefler fcale, to be laid down in 
the newy plan. Thus you muſt perform the whole 


work geometrically, by ſcale compaſs; and it 


Make eden ſcale with a ſmnall Way in a ne 


is beſt to uſe a diagonal ſcale; by reaſon of their 
minute diviſions. But when , is * this 


* * 


method 1 IS tedious: 187 tin (111 To 197} 


A 
AB IH 4 Is ; : Otherwiſe, vo ik 


with the A. of it, and nearet one end than the 
other, in roportion of che ſize it is to be reduced 
to Theſe are both graduated! with equal parts, in 
the ſame proportion. Then glue or Air your map 
te 4 table, and cloſe e edge a paper, on 
Which it js to be reduced into a leſſer or greater form. 
Put à ſtrong needle thro the hole in the center of 
the reducing ſeale, and fix it in the table about the 
middle of che line Where their edges join. Then, 
if you would reduce it to a leſſer ſſ⁊e; turn the edge 


of the longer end of the ſcale, to any object on 


the Plan; 972 ſee what number of equal parts it 
cuts; 17 725 find the fame number on the other end 
of the ſcale, and by its edge make a mark on the 
Paper, for the place of flax object. And thus you 
mult proceed kill all things e on che map be 10 
doun. F 

But if you would make a larger draught, you 
muſt turn the ſhorter end of the ſcale to the objects 


on the map, and the longer end to the paper. 


The 


The rule m hin p Dres that the numbers Fig · 
may be pricked > by the edge of it. 
But plots or Saks are beit redured by an lnſtru · 


ment contrived on purpoſe. This is made with 
tod drawing pens; ſo that tracitig one of them 
over all — ines Jr th plan; the other pen will + 
deſcribe it ane w on clean paper, either i in a 2278 
e 255 as one Please 


wy Fo 50 
Or ibis 


e ma 186 hinge eech and aide that 53s 
into4everal ſmall ſquares. Alſo triake a ſquare upon 34. 
your new plot, ſo much leſs than the other, as as you | 
would have it diminiſhed ; and divide it alſo into 
the ſame number of ſmall ſquares.” Then obſerye 
in what ſquare, and what dert of the ſquare, any 
object, on the map, is. placed; then place it in 
the like ſquare, and in the ſame part of it, on your 
new plan. Aa thus transfer every remarkable 
point in the map, into your new, plot; putting it 
in its proper ſquare, and into the ſame fituation, 
Thus in fig. 53-.you have ſeyeral cloſes to the weſt, 
and a hill near them; likewiſe a river running thro? 
the ground, to trees near it, and a houſe a little 
below; with a Toad. leading to it. And in the re- 
duced plan, fig; 34. you have alſo the cloſes to the 
welt, and hill near them; and the river runni 
thro' the ground, and two trees beſide it, and a 
houſe below, and the road going to it; and all 
placed in the correſponding ſquares, and the ſame 

ts thereof.” And thus all other things therein, | i 
ought to be placed. And the ſame way, a plan is I 
reduced from a leſſer to a e ſize ; but this 
ſeldom comes in practice. 

This method is very roper 5 large plan, de⸗ 8 
cauſe it contains a grea "1 variety of things. | 


4 | 4 


* 
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Senden e XXXVII. \ 
To-reduce one fort of meaſure into another. 


In ſome places, thro? cuſtom, they reckon more 
feet to the perch than the ſtatute allows; and there- 
fore an acre with them will be greater than a ſta- 
tute acre. But to know how many ſtatute. acres 
there are in any field,  ſuryeyed by a different 
perch ; and the (contrary);. by having that perch, 

and the. correſpondent. number acres” giyen., 
* Multiply the number of acres by the ſquare of the 
length of the perch. it was ſurveyed and planned 
by; and divide the product by the ſquare of the 
other perches length; and the Karp gives the 


. AY ˙ ü 7˙Ü˙˙L*³ ß . ——— 174 oo. 


number of acres, according to that N 
| : 540.1 17 4 ramp. * 
"ph a 11 of 40 acres was 3 by 4 pork 


| ef. 1 $ #1 ; bow many ſtatute acres does it contain? 
e _ 2727215) bs 6o 


144 236 bv: 21 3 PL oo 17S Sith 
BE Se OTE - 
. — — 5 1 . N | — —ů— 
14 © n l 
rr 1 on 
oY 2727 OE" F 16332 6 
— 4 — __— 
148. * | c YT 346 1 1:7 ia 
5 - 1280 
— — Y | - & * 


6 "Kt: 47-6 acres, : 


:Ude; The length of the WY a "OO is 70" OY 


by; is reciprocally as the ſquare root Y the number of 
acfes, it me to, by that eh... 


. _ 7 | } 
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" Side given the content of a Feld, to „ find 8 
ſeale: it was 5 laid down of We parts 10 an inch, 4 


[S477 . * 


Take any number of parts to an 8 for 3 

ſcale, -by which meaſure the content of the ad; ö 
then multiply the content given by the” ſquare IM 
your ſcale (or number of parts) and divide the 
roduct by the content found by that ſcale; the 
quare root of the quotient, i is the true ſcale ot | 
— of pan e inch, A eee 1D NIgdas: 
3t 91it n 77 bas 2 Ye 
A JOY Þ ramp. 429112396 19s" 
'7 There i is 4 fell contains twelve divas; "die meaſured” 4 


6 ſeale of 10 parts in an incb, its content is 1 
by of To find tbe \ſeale, © : * 


n 10 0 24 DW | . 1 * JEU 8 OY 
4 10 e ade n es I-54 
4 4D 0 28 5 
100. 697 = EV, 
gan 
16.5 5 524000145. 5. | 145-5(12.07 EIT 
” 2008S +! 1 0 IR +. If 
MOTELS | | | | DR; Fo | q 
—— -* 7 
72 1.50 TON 
: r 
| 9 
IP 
Ike ſcale 0 Contaits 12,07, parts in.an ebe 


Cor. The ſcale or number of parts in an inch, is 


45 the ſquare root of the content found by it, in given 
field, 


Ws - SECT: 


* 
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Fig. 
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& M eoforing inacceſſible Heights, ; ond 
Diflances. 


ROB. 1. 


To meer the height of any de objeft AB, 
where you can come 10 be . A. 


ET ABD be the ME jel; a8 ſuppoſe a tower, 
whoſe height AB is required AC a horizontal 
E. for here C is fu ppoſed to * the 
foot of the object at 3 
Take your ſtation at C, about as far from the 
object as the height of it; and where you can ſee 
both the top and foot of the object; and there 
 _ place your inſtrument, with which take the angle 
BCA z that done, meaſure the diſtance CA, from 
the inſtrument to the foot of the tower. Then by 
plain trigonometry =” uns OD 
As radius: N. Aa 4 


55: 


to the diſtance CA, 22 3 


So the tangent of the ang le BCA: pay 
to the beight of the rower AB. S 


To the height thus found, add the height of 
the 3 * che ere , 


4 1 


8 4 
„ : , * <2 * We » 
5 2 = Examp. 
. 2 * © * p f 
, - 


' 
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113 
. Fig. 
: Bae | 55. 
pen the angle BCA 51 52, and I 
CA, 64 feet. 
Rad — 10 / | 
CA 64 — - 1.80618 
Tan. 51 52 — 10. 10510 
AB 815 — 1.91 128 
To which add 4 feet the height of the eye, the 
fum is 85x feet. 
This may alſo be refolved by "dn 3 draw 


CA, on which ſet 64 feet from: any ſcale, to A. 


Erect the perpendicular AB. Then make the an- 


gle ACB 51 52 3 and draw CB interſecting the 


perpendicular in B, the top of the tower. Then 
A meaſured on the fame ſcale, gives 8 14. * 


| Otherwiſe, by the ſhadow... 


Upon plain und, ſet up the ſtaff ab perpen- 
dicular to the — ; ſo the the ſun bing, 3 it 
may caſt the ſhadow ac, and let AC be the ſhadow 
of the tower AB. - Then meaſure the ſhadows ac 
and AC, and the length of the ſtaff ab. Then ſay, 
As the len th of the Rhaff's ſhadow ae: 
is to the beight of the ſtaff ab:: . 
So is the length of the ohen, ſhadow AC: 
to the height of the object AB. 


Or thus by the ſhadow without the ſtaff. Take, 


with an inſtrument, the altitude of the ſun, when 
the ſhadow of the top of the tower B, falls at C. 
Then meaſure CA, and you have the angle C, and 
the baſe CA ; to find the ee BA; which 
is done by. the firſt method. 


H 4 | S cno- 


214 


Fig. 
55+ 


be found as before. And this comes to the ſame 


56. 


* * HF = 
4 , 
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. 


In taking the angle ACB, if vou move back- 


wards or forwards, till that angle be juſt 45 de- 
ees; then the diſtance CA, 88 meaſured, will 
b equal to the height Kg. 
If you be on the top of the tower, you may 
take the angle ABC, to any mark at C; then ſub. 
tracting the angle ABC from 90, gives the angle 


ACB; then meaſuring AC; from theſe, AB will 


thing as meaſuring a depftn. | 
"Webes alſo if the height AB be given, the diſ- 
tance of any point C, as AC, may be found; ha- 
ving the angle ACB. It is onby varying the pro- 
portion, given in the firſt method. 4. 
Wie may obſerve, that the altitude AB, may be 
found otherwiſe than by calculation, if we can get 
to the top of it. And that is, by help of a line 
and plummet, let down from the top B, to the 
bottom at A. For the length of the line, reach- 
ing from B to A, being meaſured, gives the height 
BA. . | 


a mote or other hindrance, between us and the ob- 
ject; that we can get no nearer than A; we muſt 


proceed thus. 


Suppoſe the line of ſtation BAC. drawn from the 
foot of the perpendicular DB, to be horizontal. 


In this line we muſt take two ſtations A and C, at 


a good diſtance from one another. Then place the 
inſtrument at A, and take the angle DAB, ſuppoſe 


535 3 then go to the other ſtation C, and take the 


angle 
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angle DCB, 38 deg. Then meaſure the diſtance Fig. 


between the ſtations'CA, 26 yards. 12 

Then to N roject it, draw a line CB, and at one 
end A, e the angle DCB 38 deg. and draw 
CD. Then ſet off 7 — ſtationary diſtance 26 from 
C to A; and at A make the angle BAD 58 deg. 
and draw AD, to interſect CD in D. Then the 
diſtance of D from the line CB, applied to the ſcale, 
gives the height 40 yards. | 


Or thus, by T; inn 


Subtract BCD 38, from BAD 38 there re- 


mains 20˙%ñ, for the angle ADC. Then, 


Rad 1 oy 10. 
As {x {. ADC, 20  9:53495 


—_Jk. 4 


To CA, 26 14.4447 
F OI 1c + - . 
R Nn 

2113273 


To the height BD, 39. 7s 1.59868 


To this height, add the heig ht of the inftromen p 


above the ground for the — 5 height. _ 


For by trigonometry, S. D: CA: : 8. . 


222 — and rad: AD or $EXCA , "* 


S. D S.D 
S. A: BD; that is 


Rad xS.ADC: CAXS.ACD :: 8. BAD height BD. 


or Rad c S. ADC S. ACD * S. BAD: CA: BD. 


ed Or thus, by nat. tangents, . | 
Find the difference of the cotangents of the an- 
gle BAG, and BAD. Then, | 
os the dif. \colangents 1 
1 was S112 24 144 Het 
80 the fationary diftance CA: 
to the height DB. Cot, 


| 


115 


59. 


116 u E TN 


Fig. cot. 38 1.27994 
56. Cot. 55 3 52487 


diff. 54 
a 4 


4 12 AN * 0 


ei Jag 7 = = DB. 
9 


6330 
* K — „ jo 
| 5898 
: 1. 
— — 


u » 
For if DB be radius, CA will be the difference 
of the tangents of ADB and CDB, which are the 


complements of A and C. And therefore rad: that 
difference: : : CA. 


| Otherwiſe thus. 


If you take do Kntious at A and c, ſo that the 
angle DAB ſhall be double to "DES." Then CA 
wil be equal AD. en 
Ny 8 Fg, 
\ tbe — dpance AC: Be © 
S. angle DAB: Aut 
F height DB. 2] 1 
| *I. 
Or r 8 j #y 
Take the ſtation at A, fo that the ang le DAB 
may be juſt 45 degrees; andthe angle DCB 26˙ 
34, Then the height DB vi be equal to dhe fta 


tionary diſtance CA. 
45. DB= =BA'= CA, and 


For when DAB is: 


CB = DB. But it is, as CB: (or DB) : DB, or 
28 2 1 2 2 m n 8 1 


"Os, 


m SURVEYING my. 


Cor. 1. Hence one may find the bei gb. of one 7 : 
jeſt, DEF, ſtanding upon another GEE. 
Firſt find the whole altitude DB, and then the 
| hei ht of the tower EG, by this Prob. And their 
| rence, is the height of iche ſpire EDF alone. 


Cor. 2. If the beight of the tower EG be knoton; 

any diſtance CA, in the ine GC, may be meaſured 
om E. 

„ For that is only the reverſe of this Prob. and 

therefore CA may be found by working the pro- 

portion backwards, by the natural tangents ; or by 

the fines ; as laid down before. | 


P R O B. II. 


To meaſure an inacceſſible height BD, by means of 
any two ſtations, ſo that one of them A, may be levet 
with the baſe B of the obje. > 


Draw the horizontal line BA, * taking one 57. 
ſtation at A in that line, take another any where 
as at C, no matter whether it be higher or lower. 
Place the inſtrument at A, and take the angles 
BAD and DAC, and go to C, meaſuring the ſta- 
tionary line AC: and at C plant the ene, 
and take the angle ACD, Then ſubtract the = 
of the angles AC and en * 180, to get 
the angle . Wes 1 
Then ſay, ho | Rod 
x S. DC 
* e 


555 aua, AC; * 
3 . 45 , 


nay 7 en s bigh kill BE j to 
find the height. of its top D, above the level of A 3 
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* 


7 in the laſt Prob. 


Whence, 


Firſt I 527 the inſtrument at A, and take the 
ie BAD 58 deg.. and the angle DAC 72% 10. 

And then I ne the ſtationary diſtance AC 26 
yards, and at C I fix my inſtrument, and take the 
angle ACD 64* 30. Therefore, ADC is 43 20. 


Rad. 94 10. 
S. ADC, 43 20, 9. 83647 | 


S.ACD, 64 30, 995548 
S. DAB, 58 o, 


AC, 26 


height BD, 29 


Then to this height, add the height of the in- 
ſtrument. The demonſtration is the ſame here, as 


Or thus. 
Take the ſtation A, fo that the angle BAD may 


be zo deg. Then will DA be equal to 2DB;. and 
it will be, | | 
A, S. ADC, 
10 CA; 
TE 8. ACD, 
zo the height DB. 


Otherwiſe thus. 


This ſuppoſes both ſtations A and. C to be level 
with the bale B of the objeccg. 


Here are given the angles of altitude BAD, 


BED, and the horizontal angle at one of the ſta- 


tions, as ACB, and the ſtationary diſtance CA. 
Make as tan. BCD: tan. BAD ::S.ACB : S. BAC, 
obſerve whether acute or obtuſe. 


Then ſubtract the ſum of the angles BCA and 


BAC from 180, gives the angle ABC. Then a, 


© = 
= 
: 
* 
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As S. ABC x radius: S.ACB x tan, BCD: . 
the ſtationary diſtance AC: to the height DB, 57. 
This method is deduced from Prob. 125 of my. 
Algebra. 
, the former method, the point C may be Sy 
in or out of the plane DAB, as is evident. For DAB 
is perp. to the horizon; but ADC may be any way 
inclined to it. But in the latter method bath ADñ⁊B, 
and CD g are perp. to the horizon ; and therefore 
the plane DCA muſt always be inclined to it. 


Cor. 1. A depth may be found the ſame Way as an 
altitude; by aſſuming two ſtations, from both which, 
any ſpot in it may be ſeen, where you can ſet up a mark., 

This is eaſily undetſtood, by only conceiving the, 
poinr D to be below B. | 7 


Cor. 2. if CA colncided with AB, this e 
come to the ſame "caſe as the laſt Prob. And if CA 
was cular to the horixon, this Prob. would be 
the ſame as finding one altitude BD, from having ano- 
ther 1 AC n ; wbicb therefore is eaſily _ 
olve 125 
A - After this manner the height of a hill or a moun- 
tain, or any object Oe the level _ the Pons 
en found. 6 7 


Sor. 37 Hence may. 35 found the height DE Io one 
objeft upon another; by. firſt finding the beight DB. 
and iben EB; and thy feen will Lhe the eue DE. 


b R 0 i 
. To * the height of 4 very high mountain. | 


"This might be reſolved by what, went before, if 58. 
it was not for the refraction of the rays of light, 
which do not come ſtreight to the eye from ſuch a 
aa in the atmoſphere, where the air muſt be 
greatly 


- 
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ig. greatly tatified:' For this reaſ6h; à ray coming from 
e of # mountain t6 the eurtuj deſcribes : curve 


line, concave to the earth. Therefore an obſerver 
at the earth, taking the angle of altitude of an 
object upon the top of it, difects his eye along the 
tangent to that curve; for in that direction the 
rays” come to the eye. But as that tangent runs 
above the mountain, he makes the angle of alti- 
rude higher than it fhould be and of conſequence 
the mountain or: Mato than it really is. Now 
b redtfy this, Jet. marks be der ug at the ſtations A 
and C; and one, at the top of the mountain at D. 
And let the obſervers go, one to A, and the other 
Wh and let them both at the ſame time, make 
their obſeryations thus; let the obſerver at A take 
the altitude of D above the horizon; where the 
rays, inſtead of coming in the right line DA, will 
come in the direction FA, the tangent of the curve 
at A; and therefore he really takes the altitude of 
the point F. Alſo let the obſerver at D take the 
depreſſion of A below the horizon z/ where the 
rays, inſtead of coming to him in the line AD, will 
come in the direction FD, the tangent of the curve 
at D. And therefore he has taken the depreſſion 
of the point F, inſtead of D. Now by comparing 
notes, the angle at A will be greater than that at 
D, whereas they ought to be equal, Therefore 

take half the difference of the obſerved angles, and 
ſubtract it from the altitude taken at A, and that 
gives the true altitude. For the altitude at A was 
taken too great by the quantity DAF, and that at 
D too little by ADF equal to the former. The 
ſame thing is to be done at the ſecond ſtation C. 
Theſe angles being rectified, you may then proceed 
by either method laid down in the laſt Prob. (eſpe - 
cially the latter) to find the altitude; and fbr this 
purpoſe make your ſtationary diſtance AC as long 


upon 4 mountain, more conveniently: than below 4 g8. 
and then you Will only, want one ſtation below. 
But this creates no material difference in the work ; 


for it is N ed gt * . a Wa 


716 e 9 Gliders," 
ND 0 BAE 3 


0 Obſerve ſome ſman cloud which is coming dest. 
ly towards you, or 
en obſerve Tei ae the middle of its fhado w is at 
_ Tome remarkable point upon the ground; as at A; 
at that inſtant take the attitude ABC of the middle 
of the cloud. That done, take the! fun's altitude 
at the place of your ſtation B, and that will be 
equal to che angle BAC; alſo meaſure the diſtance 
BA between your ſation and the fhadow. Then 
you have a triangle ABC, where all che angles and 
the fide BA are given; "which is eaſily laid down 
by rule and compatls, and the height of C, above 
BA; found. Or by trigonometry. Subtract the 
ſum of the angles at B and A from 180, to get the 
angle C. Then ſay; as rad & S. AC B: S. BAC 
8. ABC:: ſo the ſtationary Uſtance AB: to * 
| en eee | da ie. 


For 8 Q AB 25S. B-: bee een And 


FL Io : 2 $88 
8 3} I. * ; Tels) 


rad AC or SD AB: : S. A5 perpendicular or 


rad x S. C AB: :SAXSB: ; heig ght. 
If the cloud 4 be directly over your; 1 at FM 
time of obſcrvation, then TBA will be a right an- 


55 \ Then rad AB. g. dun's altitude CAB; 
dan 


You muſt have a ſmall. bud to ire by; be. 
cauſe the obſervation. muſt be made to a point. 


But 


- 
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It may happen that two ſtations: may be taken Fig. 


goingy directly from fou; as C.. 
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98 v E Ny 
Fig: But if you would obſerve a large cloud; cake the 
59. altitude of the very edge, and po + on the very 
__ the ſnadow. And you myſt be upon ſome 


. n r ee eee 
you. 1 10 15 
PROM. vi. 


To find the altitude * * "objett whoſe top appears 
juſt in the horizon ; having the diftance in miles given. 


This is a matter which fi uently happens at ſea, 

in ſailing to or from the — nt 

Square the diſtance in miles, which multiply by 
the decimal 2223, and the product is the height 
of the object in yards. 

60. For let AD be an 3 of the earth? 8 ee 
DB the hei ht of an object, AB a tangent at B. 
Then in the right an Kr triangle CAB, CB* or 
D' ＋ 2CD N DB 4D = CA* + AB. Buc 
becaule CA = CD, 2CD x DB + DB* = AB, 
or (becauſe BD is very ſmall) 2CD x DB = AB* 


= AD", and DB = AD? But 20D, or the 
200 


earth's diameter, is 7916 miles; therefore 
7016 b in miles, and — 5 'DB in 
. that is, . 2223 x AD* = the height DB in 


yards. And the point B juſt appears or diſappears, 
to a de in the * at A. 


PRO B. vn. 


7 o meaſure the lenęt th 6 4 e line AB ac- 
ble at both ends, A « B. | 9 


8 A line may be acceſſible at both FOE and yet 
cannot be meaſured, by reaſon of ſome impedi- 
ment which * to be 0 the Way, as wood, 

* vater, 


— 
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water, houſes, &c;* ln ſuch, a cal, fer up a ſtakeFig. 
A ſome diſtance from the libe, as at F; and thro” 51. 
F produce the lines AF, BF, beyond F, in Which 
* FD equal to one of the füsse FA, F C, equal 
to the other FB; and leave two marks at D and So 
Then meaſure: the length of the line CD, which 
will be equal to that required; A. 
If thete is not room to meaſure out the lengths 
AF, BFE; take half of them and meaſure from F 
to D ad then meaſure CD 3 * 
take I of each, — th D is ae wack 
EIS ER Ty «4x Nl. 1 
(ot e »Orutbas.., F: P 
Take a bas at fame place whete you 621 A lee | 
A and B, as at F; and with an inftrumenttakethe = 
angle AFB, then meaſure the two lines AF, BF. 
And then the triangle AFB 3 . eaſily oy down with 1 5 
ſcale and compaſs. eie 2-47 "ka 
Or take the angles at A 22nd B, or any two au- 
gles; and meaſure one ſide; and then the triangle 


may be laid down, or computed by * Wer 


me 
Wo P R O B. VIII. N 


7 meaſure 4 di jbance AB, RY nh « at one 
| end B. | 
whs es. * 


Ter che La B be one 1 . 55 "rs hin adobe . 
at a convenient place as C; and having an object” 
at A, produce the lines AB and AC to > D a” E, 
of any length, Then meaſure the ſides of the tri- 
angle BCD: and alſo. the ſides of the triangle BCE. 
And by theſe the diſtance BA may be determined 5 
all chis with the chain only. 

V pon a paper draw the line BC, of its due length, 
and on that conſtru&. the triangle BCD with the 
fides you meaſured. Alſo upon tlie ſame line BC, 
| a the dens. of BCE, 2 the fi des, as you _—_ 
4 $21, Bored - 


\ 


ſomewhere in the line BC, take the point C, that 


„ — 2... ARES. od. 
- \ = 
* 


"ws 2.0 KF 27.1086: 
Fig. ſured them. Then -produce DB-and-EC till they 
62. interſect in A; then BRA meaſured; on the fame 


ſcale, will ſhew the diſtance of A from B, or the 
length of the line BA. | 

It may be alſo computed hy plain trigonometry. 
In the triangle CBD there are given all the ſides, 
to find the angle DBC, and. its ſupplement ABC, 
And in the triangle BCE, all the ſides are given, 
to find the angle BCE, and the angle BCA its ſup- 
plement. And laſtly, in the triangle ABC all the 


angles will be known, and the ſide BC, whence AB 


will be found, | | 
Take one ſtation at B, and another at a conve- 


nient diſtance as C; and ſet up marks. Then placing 


the inſtrument at B, take the angle ABC, between 
ſome mark or object at A, and the mark at C. Then 
meaſure the ſtationary line BC; and place the in- 


ſtrument at C, and take the angle ACB, between 


the ſame object at A and the mark at B. Then 
ſubtract the ſum of theſe angles B and C from 180, 
to get the angle A. Then ſay, 
"As fine of the angle A: 
to the ſtationary diſtance BC : : 
So fine of the angle C: | 
to the diſtance AB. | 
The diſtance BA may alſo be found here by rule 
and compaſs, by laying down the triangle ABC. 
| Or thus. _ 3 
Make the angle ABC of 60 degrees, or if you 
cannot at B, take ſome other point in the line BD. 
Then chooſe ſome other point C, in the line BC, 


that the angle BCA may alſo be 60. Then mea- 


ſure-BC, and that is the length of BA. For if 


ABC be 60*®, and BCA 60, then CAB will be 60; 


and the triangle ABC will be equilateral 
Or elſe make the angle ABC a right angle, and 


the 


S&.N. SURVEYIN S. 125 
the angle BCA may be 45 * 1 2 Then mea- Fig. 
ſure with the chain the. length of BC, and that is Foe 
the length ot BA. For the angle at A is alſo 43 
degrees; and therefore the ſides 5 8 to the 
equal angles, AB and BC, will be equal. 
| Or you may make the angle ABC a right angle, 
and the angle ACB 60 degrees. Then meaſure the 
lengthof BC; then BA will be equal to the ſquare 
4 root 45 35C', or equal to BC /g. For in che caſe ' 
q AC = 2BC, and AB* = AC* — BCt = {a 
. "N= ICE; 
Or make the angle ABC what you will, aj the 
angle BCA half the ſupplement of it; then mea- 
ſuring the length of BC, you will have the length 
of BA. For then the angle BAC will alſo be half 
the ſupplement of ABC, ſince they are both toge- 
ther the whole ſuppiement. n their oppo- 
ſite ſides are equal. | 


PROD. k. 


To meaſure an inatceſfible diſtance AB or one that 
__— be come to, at any end. 


— wo , * 


me ww 1 


— 
— 


Set up a ſtake ſomewhere in the "90 BA pro- 63, 
duced, as at C; then chuſe another ſtation as at D. 
Then with an inſtrument at C, take the angle ACD. 
Then meaſure the diſtance CD and placing the 
inſtrument at D, take the angles CDA, ADB. 
Subtract the fum of the angles ACD and ADC 


u from 180, and chere remains the angle CAD, or 
. rather add the two angles ACD and ADC together, 
5 and you have the angle DAB. Likewiſe ſubtract 
. the ſum of the angles DAB and ADB from 180. 
if and you have the angle ABD. Then make, as 


3 S. BAD x S. ABD: S.ACD & S. ADB ::; ſo is the 

A ö ſtationary diſtance ED: to che diſtance bought 
AB. 

t 5 Sat, IX | . Far 


„ . 2 -» - ww Rs 
: OY : * 1 
* by 8 % 
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kot S. K 'CD: : 885 ee | 


And 8. B: S.ADB:; : ADor S x CD: AB. 


cr S ASR SCS ADB; CD: AB. 


. . It may alſo be laid down. by rope ih. Draw 
the line Cb. and make the angle BCD equal to that 
obſerved; ſet. off CD, the . meaſured; and 
at D, make the obſerved angles CDA, ADE; and 

the part AB 2 ea between DA ang. DB, is 
the aer e | ” 


Fa © tt? 
LEY * 
- * . 


Or 11 


64. When you cannot ger. a ſtation in the right line 
AB; take a proper ſtation at F, where you can 
ſee A and B; and produce the lines AF and BE, 
to D and C, and Py, FD and FC, of any con · 
venient lengths, by meaſurin them. Then pla- 
cing the inſtrument at F, take the angle AFB, 
Then go to C and take the angle ACB; and like- 
wiſe at D, the angle ADB. Then the work may 

be laid down thus. 
Draw any line AD, and at any point as F make 
dhe angle AFB equal to that obſerved, and draw 
the lon BFC; and ſet off the diſtances FD and 
- FC, Then at the point C, make the angle BCA, 
qual to that you meaſured, drawing. CA to inter- 
ſect DA in A, one end of the line. Again, make 
« the angle ADB equal to its meaſured quantity, and 
draw DB, interſecting CB. in B, the other end of 
the line; then AB e on the ſcale i is the au | 
tance required. | 
To reſolve it by ELLIS Subtract the N 
- ACB from. the angle AFB, and you haye; the an- 
: gle CAE; then in 7 * triangle CAF, all the angles 
and the fide CF are a therefore to find AF, it 
- will be, 4 
As 
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2 fine of the angles CAF: 4.2: is 

so the fade F:: TED wi 04 
30 the fine of the angle ACF': 4 7 a 

to toe fide AF. — 73 


Again, ſubtract ths angle A008 f from AFB, pF 
there remains the angle FBD. e to A 
FB in the triangle DEB, it is, 

A fine of the angle DBF: 
ts the ide FD: | 

So the fine of the angle F DB: 

to the fide FB. eee 
Then in the triangle AFB, there are given the 
two ſides AF, FB, and the included angle AFB; 
by which the fide AB will be found. 
I the points C, D, be taken in the lines BF, AF 
produced, ſo that the angles ACB and ADB may 
be each of them half the angle AFB; then the 
line AB will be equal to CD. Fot then the angle 
ACP is equal to CAF, and FDB equal to FBD; 
therefore CF is equal to AF, and DEF equal to BF; 
whence AB is equal to CD. 
If there is not room to go back to Cad D, 
may take a ſtation ſomewhere about G; and Bad 
the length of AF (by Prob. VIII.) by the method 


of meaſuring diſtances, acceſſible only at one end. 
And the ſame way, find the length of BF. And 


f then the line AB will be found. as before. 


16 Otberwiſe bus. 
Having choſen two points of ſtation C and D at 


a proper diſtance, in the ſatne plane with AB, 


whoſe diſtance may be meaſured; and from which, 


A and B may be ſeen. There ſet up two . | 


and placing the inſtrument at C, take the angles 


| Ac, BCD. Then meaſure the ſtationary diſ- 


tance CD; and at D, placing the inſtrument, take 
the angles CDA, ADB. Then you have the an- 
gles ACD, and CBB. Take the ſum of the 


angles ACD and CDA from 180, 53 chere N s 
| 5 e 


— 


128 s UR VE ITI N 0. | 
Fig. the angle CAD. And in the ſame manner the an- 
64. gle CBD is found. | 

Now we have in the triangle ACD all the an 

| and the fide CD, from which the fide AC wil * 

Found. Then in the triangle CBD, we have all 

the angles and the fide CD, whence we can find the 
ſide CB. Laſtly in the triangle ACB, we have the 
two ſides AC, BC, and the included angle ACB, 
from whence the required fide AB is found, 

It may alſo be laid down by rule and compaſs, to 
ſave the trouble of fo many calculations. Draw 
any line as CD, on which ſet off the diſtance of the 
ſtations at C and D. Then at C, make the angles 
BCD, BCA, drawing the lines CB, CA. Again 
make at D, the angles CDA and ADB, all equal 
to theſe meaſured and draw DA, which interſedts 
CA in A. And draw DB, which interſects CB in 
B, and AB drawn and meaſured is the diſtance 
ſought, © And thus you may meaſure any of the 
lines CA, CB, or DA, DB, by applying them to 
your ſcale. 

It is no matter whether the line AB be horizon- 
tal, perpendicular, or inclined, provided CD be 
in the ſame plane with AB. For then the length of 
"AB may always be determined by the two ſtations 
C and D. And therefore if AB be an inacceſſible 
altitude, and C, D, two ſtations either in a per- 
8 CD, or upon any hill ſide; the height 

B may be found as above; as will be evident by 
e the plane CADB een to the 


horizon. 
Otherwiſe tha 


If we cannot get two ſtations C, D, in the lithe 
plane with AB, the line to be meaſured z then we 
muſt take at C, the three angles ACB, BCD, and 
. ACD; and at D the three angles CDA, ADB, 
and CDB; and meaſure CD; and then proceed i in 
the very ſame! manner, ta find AB, as before. And 


en m SURVETIN G. 


this .may be done two ways, 1. finding AC and Fig. 
_ CB, and then AB; or 2. finding AD and DB, and 64. 


| then AB. And if it be done both ways it will be 
of the work. And this method is univer- 
however the ſtations C; D, be taken; and 
whatever poſition the line AB is in, whether paral- 


lel to the horizon, or perpendicular, or any way 
inclined; provided that A and B can but Ye ſecn 


from both the ſtations - and D. 


PROB. x. 


27 0 take an inacceſſible diſtance AB, when bath ends 
of it, A and B, cannot be ſeen from any two ations. 


= 


Aſſume ſome ſtation D, from which both A and 65. 


B are viſible. Take two other ſide ſtations, C and 
E, ſo that A may be ſeen from C, and B from E; 
and both C and E from D. Then by Prob. VIII. 
find the inacceſſible diſtance DB from the two ſta- 
tions D, E; and the inacceſſible diſtance DA, from 
the ſtations D and C; which is to be done thus. 
Meaſure the diſtance DE, and the angles BDE, 
BED, from which find the fide BD. Alſo mea» 
ſure CD, and the angles ADC and ACD; from 
which the ſide AD will be found. Then meaſure 
on angle ADB; and in the triangle ADB, there 
given the two ſides AD, BD, and the included 
e e ADB, to find AB as required. 
angle conſtruction of this, by rule and compaſs, 
will be eaſy. From any point D, draw DE of a 
roper length, and at D make the angles EDB, 
pe and ADC; on DC ſet its meaſured diſtance l 
to C. Then at E, make the angle DEB; and at 
C, the angle DCA. | Then the lines EB and CA 
will cut DB and DA in B and A; therefore AB 
drawn and meaſured, will be the diſtance ſought. . 


[ | 14 ; f Or 


SURVETING 


Or thus. 


When no ſtation can be found. from ch both 
A and B can be ſeen; take two ſtations C and D, 
ſo that A may be ſeen: from C, and B from P. 
Then take two ſide ſtations E and F; by help of 
which, find the inacceſſible diſtances DB and C 
(by Prob. VIII.) by meaſuring the diſtance DE, 
and angles EDB and DEB; and alio CF and the 
angles FCA, CFA. Then meaſure the angles 
ACD, and CDB, and the ſtationary diſtance CD. 
Then in the triangle ACD, the ſides AC, CD, and 
included angle ACD being given; the fide AD 
and the angle ADC will be found; and ADC ſub- 
tracted from BDC, gives ADB. Then in the tri- 
angle ADB, the two ſides AD, DB, and the in- 
cluded angle ADB are given ; to 6nd AB the dif- 
tance required. 


The conſtruction is cafy enough. Draw CD, and 


make the angles FCA, ACD, CDB and BDE; 
and ſet off the diſtances EF, DE; then make the 


angles CF A, DEB; and FA, EB, will interſect 
CA, DB, in A and B; and AB. is the diſtance 


ſought. 


Gther Problems concerning heights and diſtances 
might be deviſed, from the various ſituations that 


objects may be ſuppoſed to have. But the founda- 


tion of all is contained in what has been here laid 
down; and to add more, would only confound 
che Memory, and {well the DOOM: to little 22.4 8. Hr 


P R 0 B. XI. 
To fed the level of fo 5544 = eto nd the aſcent 


or deſceni ps eue Place ie. . eller. 


This is beſt done by a ſpike Jews with eee 
Gghts; which may be ſet level 7 ſcrews, 13 
Tale 
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raiſe or lower one end of it. You muſt alſo have Fig. 

two poles, four yards long, with White papers or 66. 
marks upon them to ſlide up and down, and croſs 

the middle of the mark, a black line is drawn; 

and you muſt have two aſſiſtants to carry theſe two 


ies. | | 
To take a level from A to I. Let one of the 67. 
men ſtand at A and the other at C, and at a conve- 
nient place as P, between A and C, place the level, 
and ſet it horizontal by help of the ſcrews. Let 
the man at A hold the pole upright in his hand at 
A, whilſt from P, you look through the ſights to- 
wards A, and cauſe the man at A to ſlip the mark 
up or down, till the black ſtroke on the mark at B, 
be level with the ſights; then meaſure BA. Then 
cauſe the other man to ſtand at C, and hold the pole 
upright, then turning the inſtrument round at P, 
and looking towards C, cauſe him to raiſe or lower 
his mark, till thro? the ſights, you can ſee the black 
"ſtroke at D; then mealure the height above the 
ground CD. And the difference of the heights AB 
and CD, is the, aſcent or deſcent, if there be no 
more ſtations. But if there are many ſtations make 
a table with two columns, one for the back ſta- 
tions, and the other for the fore ſtations. Now to 
roceed, ſet down the two heights AB, CD; and 
* the man at A go to F with his pole, and re- 
move the inſtrument to Q, and level it; then di- 
rect the lights towards C, and let the man at C flip 
his mark up or down till the black line appears 
thro? the ſights, as at E; and meaſure CE. Then 
turning the, inſtrument about, look towards F, till 
_ thro? the ſights you ſee the black mark at G, and 
meaſure GF; in the mean time the man at C re- 
moves to I, and placing the inſtrument at R, di- 
rect towards F backward, and to K forwards. 
And ſo proceed from ſtation to ſtation to the end. 
And ſet down the meaſures you took of the back 


ſtations, 


1 
i 
1 
10 
N 
} 
4 
+4 
1 . 
i 
i 


| 


* 
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> nee 
| . Fig: ſtations, AB, CE, Fo, and the fore ſtations CD, 
67. FG, IK, in their proper columns. And at laſt 
ſum up both the columns, and take the difference 
of them; and if the fore ſtations 4 „. have 


a deſcent ; but if the back ſtations exceed, it is an 
aſcent. If they be equal, you have a level, 
Sta. [Back ſta. Fore ſta. | 
tmr inf 
LES OSS II 
13 477 1 
IV MOL [20 
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So as the fore-ſtations are greater, there is a deſ- 
cent of qd; inches, from A to I. But inthe 
length of a mile, 8 inches deſcent muſt be allowed, 
upon account of the earth's curvature ; that is, if 

ou meaſure along the tangent, at the point A. 

ut if the water is to run, a greater allowance muſt 

be made, in proportion to the velocity it is to run 
with. And thus it will be known whether or no, 
water_can be conveyed from one place to another. 
Bur it is difficult to rake a height, the length of a 
mile to a few inches. For many propoſitions may 
be firm and true in geometrical rigor z; which re- 
. duced to practice amount to nothing at all. 


Otherwiſe thus. | 

To know if water can be conveyed in an open 
channel; take two boards half a yard long ; make 
two holes in the middle of them, in which ſet up 
two ſmall ſticks, perpendicular, and exactly of 
the ſame height; at the tops of which, fx white 
marks, or pieces of paper, Set the boards in the 
% Water 
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water to float, at a competent diſtance from one Fig. 
another, the further the better. Then as far from 67. 
the pond as you can, ſet up a third ſtick, with z 
mark to ſlip up or down, which muſt be in a line 
with the other two, Then looking along the tops 
of the two firſt ſticks, lip the mark on the third, 
up or down, till it be exactly in the ſame horizon- 
tal line. Then meaſuring the diſtance of the mark 
from the ground, and comparing it with the length 
of the ſticks, you will know, which place is higher, 
and how much. And thus you may proceed to 
further places, by ſetting up more ſticks, or re- 
moving the boards thither. 

After this manner ſetting your boards in a ditch, 
and a ſtick at a good diſtance, with a mark on it, in a 
line with the tops of the other two ; you will find 
if the ground deſcend. 

If water is to be conveyed to any aſſigned place, 
in an open channel, no part of the = ul muſt 
be lower than the place it leads to; for if it is, the 
water can never riſe again to the height of the laſt 

place. Therefore, that you may always cauſe it to 

by an eaſy deſcent, carry the trench by any turn- 
ings and windings, by the ſides of hills or otherwiſe, 

keeping near a level. Not being ſolicitous to have 

It go ſtreight, tho? the nearer to a ſtreight line the 

better, if the ground will permit. But if there 
happen to be any valleys or low grounds; the wa- 
ter muſt be carried over them in troughs, ſupported 
by bridges or pillars. And if a hill interferes, it 
muſt be cut through to the ſame level. 

But if water be to be conveyed in cloſe pipes, you 
may deſcend into valleys, becauſe water in the pi 
will rife to the ſame height. But where there is a 
hill it muſt be cut thro*s If the deſcent be great, 
the pipes muſt be laid one up, and another down ; 
or in and out, to check the violent mation of the 

current; and not in a right line. 
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Fig. If a canal is to be cut throꝰ a country, for the be- 


* 
— 


67. nefit of carriage; be ſure to take it from a place 


high enough to carry the water over the intermedi- 
ate places; and where there is plenty of water. For 


you may deſcend when you will, but you can not 


WI 


riſe; by this means, by turnings and windings, you 
may conduct it over any riſing grounds. Yet it 

l often be better to build bridges over hollow 
places, to carry the canal, than go too far about. 
And when there is plenty of water, the navigation 
will be quick; and the water, loft by opening the 


locks or flood gates, will ſoon be ſupplied: © But if 


water be ſcarce, theſe defects and lofles cannot be 


ſupplied readily enough, which will rerard the na- 


vigation, and prolong the time ; and therefore ſuch 


a canal can never anſwer the purpoſe. 
And tho? we muſt neceflarily take the water from 


a height at leaſt equal to the place, where the goods 


n ſtantly fills ff om the part EF; and the veſſel riſes with 


muſt be taken up or laid down; yet it will be a 
fault to take it higher; becauſe then we ſhall have 


a greater deſcent to make; the confequence of 


which is, that we muſt have more flood gates. And 
the number of flood gates is known by dividing the 
whole deſcent by the deſcent of one. And the deſ- 
cent at one flood gate may be 3, 3, or 6 feet, ac- 
cording to the bigneſs of the veſſels, and the large- 
neſs of the canal SAIF" 1 * 


68. 
part of a canal, EC, DB, two flood gates, which 


may be opened and ſhut at pleaſure let FED be 
the ſurface of the water, when the gate Dh is ſhut, 
and EC open. And CBA the ſurface of the water, 
when EC is ſhut, and DB open. Now a veſſel coming 
up the part AB, has to make an aſcent into the part 
E. In this caſe DB muſt be open, and conſequently 
the veſſel comes into the part BC, upon the ſame le- 
vel; and when ſhe is got in there, the gate DB is 


To illuſtrate the nature of this; let FA be the 


ſhut, and EC opened, and then the part ECD; in- 
the 
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the water from the level CB to the level ED, and the Fig. 199 
gate EC being open, ſhe can go along the level ſur- 68. x 
face of the water DEF, and thus ſhe has aſcended | WIA 
from the height of AB to the height of EF. And | 414 
then ſhe can go along EF till ſhe meet with ano- 1 
- ther flood gate, to make another riſdG. F114 
- In like manner a veſſel coming from F towards BI" 
E, if EC be open, the goes into the part ED. 1 
Then ſhutting EC and opening DB, ſhe goes our 
of EB, into the part BA, and ſo away. 
It may be obſerved, chat both gates muſt never 
be open at once; for then the water in FE. would 
flow into BA, and would. all be loſt. And when the 
gate DB is bur, and EC opened, the part EB is 
filled inſtantly, without ſenſibly dectreaſing the IT) 
height of EF. For EF is a long part of the canal, | | 
os , EB a very ſhort part, and ſoon filled. And as I 
- the loſs of water, is the quantity ECDB; therefore if 
the gates E and D ought to be ſet as near together 10 
as they can, to take in one or more veſſels. | | 
I F ſhall only add this; when a canal is to be cut 
- thro? a country, it is often attended with difficulties 
that make it impracticable. For in digging the 
Canal, they often meet with rocks, thro — hi they 
can hardly make any progreſs; and when that is 
done, the clefts of the rocks will probably take 
away all the water. Likewiſe when they meet with 
looſe ouzy ground; by its porous nature it drinks wo 
up, and deſtroys a great part of the water. And 171 
even when they meet with ſolid ground, yet the ex- 11 
pence of digging, levelling, &c. is ſo great, and Wh 
requires ſo much time to execute it; eſpecially when 1 | 
they are to go many miles in length ; that conſider- WW 
ing all things, hardly any of them can afford a pro- 
fit anſwerable to ſuch a monſtrous expence. When 
the ground is very much upon the deſcent, a great 
number of locks or flood gates are required, and 
A therefore a-great number of hands will be neceſſary, 
8209 which 
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Eig. which loſes a deal of time; and ſuch accidents 
68. make the thing extremely difficult, if not impoſũble. 


And now having gone thro' all the principal 
branches of the Mathematics; I ſhall conclude 
with a few directions, to ſuch as deſign to make 
theſe Sciences their chief ſtudy ; which are by far 
the moſt difficult, as well as the moſt uſeful parts, 
of human learning. And firſt, the young ſtudent 
muſt take care to be well inſtructed in Arithmetick ; 
for this is the baſis of all manner of computations ; 
not only in theſe ſciences, but in all ſorts of buſi - 
_ neſs. In the next place, he muſt get a complete 
knowledge of Geometry; for on this depends all 
computations relating to lines, which are infinite. 
Without a thorough knowledge of this, he will be 
obliged continually to turn back, or elſe ſtick faſt 
in the road. Theſe two branches lay the founda- 
tion of every thing that is to follow. Then the 
practical parts may take place, and Trigonometry 
and the doctrine of the ſphere may be read, whic 
make way for Aſtronomy. And it will be proper 
then, to ſtudy the Conic Sections, and the higher 
Geometry, which conſiders the nature of all = 
of curves. As Algebra is a univerſal ſcience, and 

applicable to any thing; he may begin to read that, 
after he is acquainted. with. Arithmetic and Geome- 
try; but then he can apply it to nothing but nume - 
rical and geometrical problems; till ſuch time as he 
has learned the principles of any other ſcience, that 
he would apply it to. And in this book of Al 
bra, there is a ſufficient fund for exerciſing all © 

- branches of the Mathematics. Fluxions being a 
_ ſcience of the higheſt nature, and greateſt extent, 

cannot be attained without the knowledge of all 


__ the reſt; and particularly Algebra, by which all 


computations therein are performed. And this is 
the method that the young mathematician muſt 
| 8 p 
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r in, to make the beſt progreſs, and in the Fig. 
leaſt time. But he muſt frequently expect to meet 
with obſtacles and difficulties, thro* which his own 
natural fagacity muſt carry him, joined with the de- 
light he finds in the knowledge of theſe ſciences. 
For I doubt he will meet with no other reward for 
his induitry, nor even for any diſcoveries he makes, 
but the pleaſing ſatisfaction of finding out truth. 
And it is this pleaſure that muſt be his main ſu 
port under the great fatigue of ſtudying theſe diff 
cult ſciences. For when truth at laſt emerges out 
of a chaos of intricate calculations, and appears in 
its native brightneſs and luſtre, it poſſeſſes the whole 
mind; and the labour and fatigue of ſeeking after 
it inſtantly vaniſhes, and is no more thought on or 
remembered,  _ | % 
The little encouragement there is in this nation, 
for promoting theſe e is the reaſon, that few 
people go any great length this way. If they. have 
gained ſo much knowledge, as to be able to teach 
a common ſchool, to get a living by, they think it 
ſufficient. Few make any farther progrels and if 
they do, they get the pleaſure and pains of it for 
their labour. Or when a man is eminent for his 
diſcoveries, perhaps he is dignified with the title of 
F. R. S. but then he is to pay a quarterly Ceſs for 
the honour of it. This is the way that ingenuity is 
rewarded in England. 7 
As to this courſe of Mathematics, that I have here 
drawn up, it has been the work-of my life; for in 
almoſt all the books I peruſed, I always found ei- 
ther a defect of matter or a defect of method; and 
ſometimes a redundance of things unneceſſary, and 
of little conſequence. This put me upon writing, 
firſt one branch, and then another, till I had gor 
ther a tolerable ſyſtem of mathematical learn- 
ing; where I believe every branch is treated with 
as much perſpicuity, and contains as much matter, 
| 2 
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pains and patience nothing is to be done: Sed lan- 


a8 any one can wiſh for, in that compaſs. For the 


tremely uſeful to me; and would have been much 
more fo, if I had had them ſooner in life. And be- 


* + "I — 


. 


whole is only deſigned as an introduction for young 
ſtudents, and to enable them to go thro' larger 
Treatiſes. Theſe things were all originally deſigned 
only for my own uſe, and have always proved ex- 


cauſe what has been ſerviceable to myſelf, I ſuppoſe 
will be of the ſame ſervice to others, under like 
circumſtances; therefore I determined to publiſh 
them. But before this could be done, I had them 
all to reviſe, correct, and methodize, and to add 
ſuch things as later improvements had found out; 
which has coſt mea great deal of time and labour. But 
then the reader is furniſhed with ſubjects, both eaſy 
and common, as well as difficult and ſublime; 
which I expect will fully anſwer his greateſt ex- 
pectations. However, I have uſed my beſt endea- 
vours. But, if not, I have taken a great deal of 
pains to no purpoſe; being ſenſible that without 


dem poſt ardua quies. 
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Containing Chr erbt and Additions 70 all the 
Ven gains Volumes. 
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ARITHMETIC. 


AGE 7, linelaſt; (read) of them, taken all to- 


gether. 
Page 31, line 3, &c. The operation being wrong, 
correct it thus, 

E. f. Ib. C. R. Ih 
6) 2 6 11012 1 1 the quotient, 


72 
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6) 6 
0 | poſt 
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5 remains. 


Page 79, l. 8 (read) Ex 
Fw S I. 17 (read) Er. 8. 
N ib. 1. 27 (read) In Ex. 5. 
Page 80, I. 18 (read) In the ech Ex. 
jb. I. 22 (read) Ex. 7. 
Pag. 104, I. 16 (read) the ſingle rule of three. 
Pag. 114, J. 12 b (read) of 4 degrees of hardneſs, 
and 2322 
ib. I. 10 b (read) dig a trench, of degrees 
ib. 1. 6 b (read) * 4 ee. deg. 
Pa. 146, I. 14 b (read) to the leaft error; to be 
added, * the number was too little; but a 
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2 APF CES 
ed, if too great. Put out all the ad article to the 
bottom of the page, as being needleſs. 
Pa. 150, I. 1 (read) the correction .. 5.8694077, 
ib. after 1. 16, ada, 
Note, this rule will anſwer all queſtions that the 
ſingle rule of falſe will anſwer, 
Page 156, I. 10 (read) 6 781512 
Pa. 157, 1. 8 (read) ſquare I 91 
Pa. 170, 1. 3 b (read) and 38 l. a year 
Pa. 171, 1.3 (read) 26... 684 
ib. I. 4, &c. correct it thus, 
17201774010. 32 months 
172 
54 
51 


3 


P. 186, 1. 12 (read) two the leaſt whole numbers 


ib. 1. 13, &c. (read) 5 and 3 every where 
5 for 365 and 219. 


ib. 1. 16, 17 (read) Therefore the time of 
meeting will be 3 X 247 = 73 days. 


Or thus, 


— 


| Then 27: 1“; 3368 days, the time in which 
| C will overtake B again; then find the leaſt number 
| (by Prob. III. Ch IV. B. II.) which 243, 144 and 
| | ' 364, meaſure; and that is the anſwer, viz.. 73. 
. Pa. 223, 1. 8 b (read), circulate or come about 
again, according 


. Pa. 229, at the end of i, I. add, 


A 4.5 p E N D 1 x. oY 
Sen'o U. F. "18, 
If one or both numbers (in any operation) be 
fract ional, reduce them to a common denominator. 
Then proceed with the numerators as before direct- 
ed; and at laſt, ſubſcribe the common denominator. 


All the examples throughout the book ſhould be 
in italic. f 


PROPORTION Ss. 


There wants Sect, I, II, III, all along in the run- 
ning title. 


— 
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8 GEOMETRY. 
Pa age 26, 27, inſtead of Prop. XXV and XXV. 


inſert theſe. 
PROP. XXV. 


I an angle A of a triangle be biſected by a-right x, 
tine AD, which cuts the baſe; the ſegments of the 
baſe will be prop roportional to the adjoining fiaes of the 

triangle; BD: DC:: AB: Ac. 

And if the external angle EAC be biſeied by the 
ne Ad, culting the baſe in d; then the diſtances (of 
 #be interſefion ) Jrom the angles, are as 150 adjeining 
fides ; Bd: Cd: : BA: CA. 

Produce BA, and make AR = AC, and draw 
ho line CE becaale AE = AC, the ACE = E 
(Prop. III.) = 4BAC (Prop. I.) = BAD ( hyp. 3 
therefore DA, CE are Pens le (cor. 3. Prop. IV); 

and therefore BA: AE or AC:: BD: DC (Prop. XII.) 

Again, make Ce = CA; then the S ArC = 
eAC EAd = FAB; therefore eC, AB are paral- 
lel; whence dB: C:: AB: Ce or CA. 

{1 2Car: . If the ſides be as the ſegments of th; baſe ; 
the line AD, biſefts the angle A. 
For fince BA: AC or AE: : BD: DC; DA and 
CE are parallels (cor. 1. Prop. XII); and BAD = 

| E, and DAC = ACE = E (Prop. III). Whence 
BAD = DAC, and A is biſected by AD. 


K 2 Cor, 
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Fig. Cor. 2. If a line biſeting the vertical angle of a 
I. triangle, cuts the baſe ;, it will be 
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As the ſum of the fides, BA + AC: ; 
To their difference, BA — AC: 
So the baſe, BC: 
To the difference of the ſegments, BD — DC. 
For BA: AC: : BD: DC (Prop. XXV), and 


BA + AC: BA AC::BD + DE (BC): BD — 


DC or 2DO (Prop. XIII. Proportion); where O is 
the middle of the base „ 
Cor. 3. Hence DB: DC:: dB: dC. 
Cor. 4. 7 AB, AC, AD, be continually propor- 


g tional, and AE equal to AC; ihen CE drawn, biſects 


the angle BCD. 

For the triangles ABC, ACD are fimilar ; whence 
CB:CD:: AB: ACor AE: : AC or AE: AD: 
AE — AB (BE) : AD — AE (ED). Therefore 
(Cor. 1.) angle BCE = ECD. | 


PR OP. XXVI. 
If an angle A of a triangle ABC, be biſefied by a 


p right line AD, which cuts the baſe; the ſquare of the 


biſctling line, together with the refiangle of the ſeg- 
ments, is equal to the rectangle of the fides ; AD* * 
BDC = BAC. 

Produce AD, and make the angle <DBP=DAC, 


Then the 3 triangles CDa, PDB, and PBA are ſi- 
milar. For CAD PBD = PAB, and CDA = 
_PDB (2.I), whence <C P, and ADC = ABP 


(cor. 1. Prop. II). Therefore CD: DA: : PD: BD 
(Prop. XIII), whence DA x PD = CD x BD (12 
Proportion). Again, CA:DA:: AP or AD + 
DP: AB (Prop. XIII); therefore CA x AB = 


AD* + DA x 55 62 Proportion) = AD* + CD 


X BD (Ax 3).- 

Cor. If the external angle EAC be biſected by the 
line Ad, cutting the baſe in d; then the reſtangle Bac 
— the ſquare of the by ſetting line 17 is equal to the 


5 3 BAC. * For 


' off 66 468 4 a8 3D 5 
For produce dA to F, and make <dBF = dAC; Fig. 
then the triangles Cd A, F4B, and FBA are ſimilar. 3. 

For CAd = JAE = FAB; and CdA = FdB 
Whence ACd = AFB, and AdC = ABF (cor. 1. 

Prop. II.) Therefore, Cd: dA: : Fd: dB (XIII); 

and dA x Fd = Cd x Bd (12 Proportion). Again 
CA:dA:: AF or dF — 4A: AB (13). There- 

fore CA x AB = dA x dF — dA (12 Proportion) 

= Cd x Bd — dA. | 


PROP. XXVII, &c. 


Page 73, I. 20, (read) between the ſum and diffe- 
rence of the two radii; 
P. 197, 1. 16, (read) DFKHCILG = 
P. 121, l. 2, (fig. 191) 
ib. I. 25, (read) DCH, be 3 
P. 125, 1. 18, fig. 195. 
P. 126, I. 2, fig. 195. 
ib. 1. 8, fig. 196. 
ib. 1. 19, fig. 197. 
ib. 1. 4b, fig. 198. 
P. 127, 1. 2, fig. 198. 
P. 128, I. 2, fig. 198. | 
ib. 1.2 b, fig. 199, 200. 
P. 129, I. 2, fig. 199, 200. 
P. 137, l. 5, fig. 209. 
P. 156, I. 2, read) Practical Geometry, or The 
8 Conſtruction, &. 
P. 157, 8, Prob. V and VI, (read) To biſect, or 
divide a given | 
ib. After Prob. VII, add, 
Or thus, 


If the angle be given in degrees; from the given 
point B, draw the line BD. Then upon a line of 
Chords extend your compaſſes from the beginning 
to 60 degrees (called the Sweep of 60), then ſetting 
one foot in B, with the other deſcribe the arch DC. 
Then extend from the * to the 

3 . 


& £6. + 4.45. as 
Rk Pe x : 


= - . — 
— _ — - - an 
: S 2x4 x... Ol — 
8 _ ——_ . 
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17 
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# 
14 
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- 
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. 

1 
It 

\ 

0 
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p 
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NN CEPT 4. 


2 
I =, "= 1 


6. 
Fig.of degrees given, and ſet that extent from D to C, 


A PP E N D IL. X. 


upon the arch DC. Thro' C draw the line BC, 
and. DBC is the angle required. 
Page 162, at the end of Prob. XII. add, 
Cor. F it be required to ſet any, number of equal 


parts upon a right line, it is done thus, 


Take with your compaſſes, ſo many equal parts 
from a diagonal ſcale, or any convenient ſcale of 


_ equal parts; and ſet that extent upon your line. 


— 


* 8 
— 1 


TRIGONOMETRY. 

Page 100, after Prop. III. add, 

Cor. 1. If two right angled triangles, have the 
ſame or equal hypethenuſcs ; the perpendiculars, are as 
ihe fines of the angles at the baſe ; and the baſes are 
as the fines of the angles at the vertex. 

For they are both in the given ratio of the hy- 
pothenuſe (AC) to the radius. 9 

Cor 2. F two right angled triangles have equal 
baſes, the perpendicalars are as the tangents of the 
angles at the baſe; and the bypothenuſes are reci- 
procally as the fines of the angles at the vertex. 


For the perpendiculars and tan. oppoſite angles, 
are in the given ratio of the baſe to the radius. 


And if B be the baſe; H, 5, the hypothenuſes; 
V, v, the (ines of the angles or the vertex. Then 


* 


by this Prop. as V: B:: rad: HB x rad; and 


6 N V : 
v:B:iradi b = Un therefore H: P:; a * 
V 
B 


rad: — N rad: : : L:: v: V. 


1 Y,--v 
Cor. 3. If two right angled triangles have equal 
perpendiculars; the baſes are as the tangents of the 
angles at the vertex ; and the hypothenuſes are reci- 
procaliy as the fines of the angles at the baſe, + 
18 


A PP END IT X. 7 
This is plain by Cor. 2, making the baſe to be- Fig / 
come the perpendicular. * 
Page 104, l. 8 b, (read) greater ſide: 

Page 154, after Prop. XX. add, 

Corol. In a right angled ſpherical triangle, if the 
hypothenuſe be a quadrant, one of the fides will be aqua 
drant, and its oppoſite angle a right angle. fig. 37. 

Let BAC be the triangle, A the right angle, the | 
hyp. BC a quadrant. AB (produced at leaſt) paſſes | 
thro' the pole of AC; and if the quadrant CB be ; 
ſuppoſed to revolve about C, it will cut AB in the 
pole of AC; but B is the point where they cut; 
therefore B is the pole of AC ; and conſequently BA, | 
BC are both quadrants ; and A being a right angle, l 
C will alfo be a right angle (by Prop. XIV). 

Page 158, pur out the two Corols. at bottom. 4. 
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1 _ _ N 
<p IP — — 
= 
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Page 159, line 1, (read) Cor. 1. | il 
ib. Inſtead of the two Corols. at bottom, inſert i 
Cor. 1, ; [1.1 
In right angled ſpherical triangles ABC, ADF, | |} | 
that have equal angles at the baſe ;, then, | | 4 
1. The fines of the lypotbenuſes, are as the fines of 141 
the per pendiculars, | | q1 
2. The fines of the baſes are as the tangents of the | | 
perpendiculars, 


3. The tangents of the hypothenuſes, are as the 
tangents of the baſes. i 

4. The coſines of tbe bypothenuſes are as the cotan- | | | 

gents of the angles at the vertex. | 
8. The cofines of the baſes, are as the cofines of | 
the vertical angles. | 

6. The coſines of the perpendiculars, are recipro- 
cally as the fines of the angles at the vertex. 

All theſe are eaſily demonſtrated by the help of 
the two laſt propoſitions; hy extending the ſides 
of the triangles to quadrants, after the manner of 
fig. 41, and finding the proportions, in the com- 
plemental triangles EDF, ADC, ECB; which 
will come out as follows. | 

K 4 For 


8 AP: P: E- Nc: DB: 1 KF, 

Fig. For rad: S. A:: S. AC: S. CB: : S. AF: S. FDB. 

4. and rad: tan. A:: S. AB: tan. BC : :S. AD: t. DE. 
and rad: coſ. A:: tan. AC: tan. AB:: t. AF: t. AD. 
and rad: f. A:: coſ. AC: : cor. C: c. AF: cot. F. 
and rad: S. A:: col. AB:: coſ. C:: coſ. AD: coſ. F. 
and rad x coſ. A col. CBx'S.C = col. EINE.» 


Cor. 2 


In right angled ſpherical triangles, AFB, AFD, 
that have equal bypothenuſes , then, 

t. The fines of the baſes are as the ſines of the ver- 
tical angles. 

2. The tangents of the baſes, are as the cofines of 
the angles at the baſe. 

2. The tangents of the angles at the baſe, are as the 
cotangents of the angles at the vertex. 

4. The cofines of the baſes, are rect procally, as the 
caſines of the perpendicular. | 
For rad: S. AF: : S. AFB: S. AB:: S. AFD: S.AD. 
and rad: t. AF :: coſ. FAB: t. AB : : cof. FAD: t. AD. 


and rad: coſ. AF:: t. FAB: coſ. AFB: : t. FA D: cot. AFD. 
and rad x col. AF coſ. AB x coſ. BF co ſ. AD x coſ. DF. 


Cor. 3. 


In ri ight angled ſpberical triangles ABC, ABF, 
having equal baſes ; then, 
' 1. The tangents of the perpendiculars, are as the 
tangents of the angles at the baſe. 

2. The fines of the angles at the baſe, are as the 
ceſines of the angles at the vertex. 

3. The fines of the perpendiculars, are as the co- 
tungents of the vertical angles. 

4. The coſines of the pe- pendiculars, art as the co- 
fines of the hypothenuſes. 

5. The cotangents of the bypothenuſes, are as the 
cofines of the angles at the baſe, 
6. The fines of the bypothenuſes, are reciprocelly as 
the fines of the vertical I. 

Fe or, 


/ 


A+ Pi PYEANSDEI:X.; 
. tan. CAB : tan. CB. Fig. 
and rad: coſ. AB:: 1 ACB 


S. FAB : Col. F. 


3 . ſcotan, ACB: S. CB. 
and rad tan. AB: : 2 F: S. FB. 


75 .. ß coſ. CB: coſ. AC. 
and rad: col. AB: : 120 FB : coſ. AF. 


; n. c col. CAB: cotan. AC. 
and rad : cotan. AB: 3 col FAB : cotan. AF. 


And rad S. AB =S.ACBxXS.AC, or = S.FxS.AF. 
Note, either fide may be taken for the. baſe. 
Page 196, after line 7, add, 

If the ſolution is neither found in ABF nor EDF; 
produce the ſides from F, thro* A and B to qua- 
drants as before, to find a 3d triangle; and then 
the ſolution will be found in this new complemental 
triangle | 

P. 208, 1. 6 b, (read) tan. AB. 

p. 211, l. 7, (read) let fall FI a perp. 

P. 213, 1. 6b, (read) if AF + FB << 180. 

p. 239, |. 4 b, (read) proportionals between 

| Tab. natural fines. 

8 38. — fine .1501106 

245, at bottom right hand, (read) 114 deg. 

41* 5'—— tan. 84 35 

43* 53/——ſine . 6931922 

Tab. artificial fines. 

15 bo/—— ſine 9.4402381 

29 60'-—coline 5306 
Tab. Logarithms. 


Num. 354 
Num. 987 

3 
Num. 2804 


— 5 * — 


log. 8817 


ALGE- 


" 


* he 8 
: 


1 


A'PPENDI'xX 
4 L G E BR A. 


line] read 
| 7 bſcompound quantity; and the ſum taken 
| all 8 
T2) 
a x 
age — . 
wants a line underneath. 


MS 


9b 
4 


6 bl? 


R | 
2 miles, the ſecond 3, the third 4, 
x—1+2= his laſt 4 


of the means, or mY ſquares (c); 
area, and AC = 


fig. 545 24;put AforC, Bfor A,andC for B. 
+ 4- 2 —c = 24a + 2cC = 

Ss + 5 +b6X$5—b= 
ZXZ—@XZ—ÞXYZ—C. 
ViXe+y — 

GPV, VPM, 

ſpherical triangle ABC, 


(mechan. 36 and cor.) 
leave out (ib. cor. 5.) 


| (mechan; 


APPENDIX. 


page] line 
4771 | (mechan, 27. cor. 2) 
| 2 | dele fig. 132. 
497 | 10 laſt term will. 
524 | 1 bl (mec. 18. cor. 3) 
. 525 16 bl (mec. 23. cor. 1) 
526 | 10 | (mec: 23. cor. 1) 
6 b (mec. 23. cor. 1) 
Poſtſcript, 
1 met with ſuch 


2 | 7 bl but Dr. Halley and Fr. Robarts, eiq; have 
3 bf leave them 


— — 


— 


ARITHMETIC of INFINITES, &c. 
= A N, or 


11 
Fig. 


31 . 
3 bs = 1. 
7 | 13 | all the x'es 
1211 [co =—A+2þ6+C= 
17. | 21, &c. Prop. V. ſhould be italic 
29 | 4 | and thus you may 
44 | © b) FINIS. 
Conic SECTIONS. 
9 | 17 |CA* : CN*: : BPA: PM.. 
18 | 6 bj (XIII. Cor. 1) = 
20 flat the end of Prop. 23. add, 
Cor. 1. redbangle NM = SMF — ck- | 
Cor. 2. SC,: CE* : : reftangle SMF 
— CE*: Hugh fig. 18. 2 
| For (Prop. 19.) CA“: CE* : ; PN“: 
| PM, and CAT — CE CFB: : PN*— 


PM“: PM*; that is, SC“: 
| NMV : PM“: 

PM“. 

Cor. 1. 
after line 7, add, 


F Cor. 2. FM: FT: : SFMS : CD. 


CE* : : rect. 
(cor. 1.) SMF —CE- 


Cor, 


- 
—_—_—_— 2 — 72 
* * 


— 
— , n 2 Po 
— a 11 
* — .. aww _ — — * — 
— _— —— CO — 
2 Ca - — * 6 * 
*% © y . 
- %” IC * 
8 9 fo 1 * 


r 


CS ol” e 8 Y 
: T 


* 5 


94 
93 | 


A PAE ND; 


line 


— 


— 


f. 28. draw MO perp. 
pa. 66, (at bottom). 


read 1 

Cor. 3. Draw MO perp. to the tangent 
MH. Then CI x MO = CD. 

For (cor. 2. Prop. 35.) MO: CD:: 
CK: CA : : (cor. 1. of this) CD: CI. 
OD x DN : : CFL: CK. 2h: 
more lines el, 


| (ib. Prop. III.) 


multiplying by 4, QZ* 
PiaATEs. 


to MH. 
102, draw CD, PM. 


pa. 148, (at bottom). 


CURVE LINES. 


whence y* _ 
after line 5, add, 

Cor. In à very ſmall part of any curve 
of finite curvature, as AG; the ſubtenſe 
of the angle of contact, is as the ſquare 


| of the tangent, cord, or arch; for theſe 


in their evaneſcent ftate, are all equal; 
that is, BG Oc AB* or AG“. fig. 86. 


| . 1t is alſo obſervable, that the cords, fines, 


tangents, verſed fines, &c. of a very ſmall 
arch of a curve, have the ſame properties, 
as thoſe of the circular arch. 
line MF, -are 

Since Mo = ms, 

at the bottom, add, 


SCHOLIUM. 


| It may be obſerved, that the circle of 


equal curvature with the curve at M, is 
that. which paſſes thro* three points of 
the curve, ſuppoſed to approach infi- 
nitely near one another, 

| For 


K. 


page| line | read 
For two points do not determine it, 
becauſe an infinite number of circles may 
paſs thro' two points. But there is only 
one that can paſs thro* three. And if a 
circle paſſes thro* two points that ap- 
proach infinitely near, and at laſt coin- 
| cide, it only denotes that this circle 
touches the curve in that point; which 
5 ; bak infinite number of circles may do. 
97 13% =p +7; 
98 [14 bl axis, j = O, 
99 | 2 ** 
114 6 |My = K, 5 
Pl.)  [fig. 100, wants o. 
D OPTICS. * 
2 
A VT 
— X 
881 5 207 
99 fafter Cor. 3, add, | 
Cor. 4. In different hn, it will be, 
AB : BC: : AD: DE. 
ISA 2 | be yaa diſtance. And the ſame for a water 


Lens, (by Schol. Prop. II.) 


159014 b| attends old people, 


3 


15 


169 * + 


EE, 
a+ 4 


1 b in the ſame point P; and a ſtop with a 


hole in it muſt be placed i in the middle 
berween AB and CD, or nearer AB, to 
cut off ſtraggling rays, that colour the 
_—_ and then the teleſcope is be for 


The 1 
thro' the lens B, 


power. 


——˖ ——ůͤ 1D cis et Er TIT. 
© = 8 
. » 1 n — 8 


- 
0 


14 A PP E N D 1 x. 1 
Fig. page Il ine |read ok 
* I 5 12 |powwer of à refratting Heſcope. | 
i181; 3 thro a refratiing teleſcope. 
284} 2 biin different refrafting te- 
2185] 15 ji Jy as. 0 f 
193 | 
930 y fig. 126. 
195601 
2031 1 03. 
204 5 ſleaus our, (by Prog xvn. B. 11) 
9 bito do; its magnifying - 
220 | 8 b\Microſcope, which is ſhorter, Where 
224 | 7 blfocus of AB, it 
pl. viii fig. 106, GLI ſhould be ſtreight. 
pl. ĩx fig. 107, put Q near the end Fof P. 
pl. x fig. 116, the two axes at C, D ſhould | 
[ croſs one another. 
pl. aii ig · 131, the ſquare LMIK to be prick d. 
0 PERSPECTIVE. 
63 1 [Diſtances of 13, &c. * 
Pl. 1 fig. 16, the whole Plans RGCQ ſhould 
$64 be ſhadec. 
fig. 19, for? put I. | | 
pl. _ fig. 55» 1, 1 ſhould be at the angles 
, above. 
pl. x. fig. 57, the prickid lines 41, 18, want- 
| ing, and ſome-others. 
Pl. xv lis. 77. Pe . a little beyond J. 
Nr MECHANICS, 
. After line 11, add,” 
e Cor. 5. The ſpace 4 ſeribed by a falling 
i. body in the time of 1 vibration: 
lis to balf the length of the pendulum : : 
; as the ſquare of the circumference : 


to the ſquare f the diameter. 
e VETS. 1 7 


SPPENDI 0 Fas 
age] line fread Fig. 

2 For the ſpaces being as che ſquares 1 

of the times, the pace fallen: length 

of the pendulum :: as the ſquare of the 

time of vibration: to the ſquare of the 

time of falling thro? length of the pen- 

| [dulum :: (by this Prop.) as the ſquare 


of the circumference ; to the ſquare of 
the diameter. 


$2 


35 [10 |. Cor. 1. Hence, Rho 
. 145] 14 Cone ABC | | 17 
after line 11 b, add, | 
I lately contrived another ſort of ba- 
| rometer, which ſhews the aſcent and deſ- 
cent of the mercury at the bottom. | 
2 is a recurve tube, cloſe at the 7. * 
12 where the bucket C is, and open 
n 4 the end A. The length of CB is 32 
*% or 33 inches, and of AB 6 or 7. The 
] bucket C ſhould contain about as much | 
las the end AB. And the bucket and | 
| _ Jend CB muſt be quite filled with mer- 
cury, as far as B, a little beyond the 
turn. The wider the bucket C is, the 
better. The ſcale ſet to the end AB, 
mult be graduated downwards, for the 
mercury falls in this, when it riſes in the 
other ſort. This being placed againſt 
. |a wall, will ſhew the height of the mer- 
. | - ]cury, as in the common ones. And this 
way is more commodious, as it ſaves the 
py + labour of clambering up, upon chairs, 
| to ſee it. as one muſt do, in the com- 


I |mon fort, to ſce exactly. 
F A WarTeR BAROMETER 


. TECT ION: 
fig. 2. 
| 18 (fig. 5. off 


© Mm 
— 


APPERNDY x 


| dicular to AB, then E is the 


line read 13 4.3354 
5|3 15 n 
1317 fig 136; 8 
14 | 2 bſ the two aſt Ag Mold be roman l 
indented. 
| 21 [CA + CAp; 
151 3 ſhould be indented. 
I 13, 4, 5 lines roman. 
16 5 ECI S CAD 1 
ü 0 
| 12 [harmonicall ; | 
20 | 7 projection 
9 [equal arches TY | 
vg OG 2 D, 
21 15 — 6 | 
2519 ne X; B, G. "WR 
26 | 8 [draw EB the point k and BE petbeddl⸗ 
6 boning CHE. To &c. 
27 | [After /laſt add, 
I But if the cirele DLE was to lie on 
| [the other ſide of DGE, the arch HI 


muſt be taken on the ocher ſide of H. 
interſection P., 

required. 
Ee DEH, or 
pole p, draw oc 
After l. 8 b, add, | 
e Fer a right circle ACB. 
Thro' C (fig. 34) draw DE perpen- 
pole of AB, 
Set the number of degrees from D to H, 
and draw EGH, then GC contains the 
degrees required.” Or if GC be given, 
draw EGH, then HD in degrees, 1 is the 


meaſure of GC. 


And in like Manner AG contains * 
degrees in AH, or AH is the meaſure 
of AG. be 


Py 74 
12 


Aren * 


] line | read 
7 bi be ſet from G to Ly: and LFE drawn, 


then, * 2 , 


| 17. [of this circle, 


6 bl TV, and 
2 blat S cut 


| | 


St l. 


any angle 
little throughout. 


Prop. V. rea 


flat the end of Cor. 2. add, 


| 


| 


s b 


Cor. 3. VP be the point where the 


great circles PC, PF, Cc. meet, (as at 
the pole); and if CB, be radius of pro- 
Vieclion, be perpendicular to CP, at > the 
[Point of contact. Then the dividing cen- 
ter A of PF, is diſtant from P, the length” 


of PB. 


For ICA 18 ndicular to PF, and 


: perpe 
TA = FC; whence PA* = PI + IJA* 
[=PP + FC: = 
1+ FP = 
+ 46> PB. 
2 bſ to 8; 
1.70 after 1. 16, add, 
Or thus, ſet CD from I to F, and FC 
from I to A, and draw AP, &c. Ye 


: PI* + FI* + IC* C 
PC* + CB = PB, and PA 


CL = adit 

A to d, 

after 1. 17, add, 

Note, the dividing center of all the 


diſtant from P, the length of PW. 


j* Therefore all the dividing centers are 


in the circumference of a circle, whoſe 


radius is PW, and center P; ſec below, 


Cor. 2. 


1 | 


OT. I, 


I after Prop. 1g, Gn: x, add, 
1. 


Cor. 


* 
4 


lines, PM, PL, PN, &c. is always 


Ze 


— 


18 APE ET D 
Fig. page line read 9 1 

1 Vt Cor. 2. FP he the point where the great 
N circles, AP, BP, Sc. meet ; then to ſind 
the dividing centers. of all rhe circles 
AP, BP, &c. | { ne | 

Thro' C the center of projection, 
| draw PCG.  Thro*C draw CW perpen- 
| dicular to PG, and equal to the radius 
| of projection. Draw PW, and WG 
|. [perpendicular to it, to cut GP in G. 
| [At G and the middle of GP, erect the 
| , |perpendiculars GA and DS. With the 
| {|radius PW deſcribe the circle EWO. 
| Then to find the dividing center of any 
| {circle AP; with the diſtance LP, and 
lone foot in L, cut the circle OWE in 
| R, the dividing center required. 
For lince'PWG' 3s a right angle, PG 
is go degrees, and ſo is PA. Therefore 
| the dividing center of AP is in a ſemi- 
circle deſcribed round AP, and it is alſo 
| lin the circle OWR (by Cor. 3. Prop. V.), 

| and therefore at the interſection R. But 
Ds biſects all theſe circles ; and there- 
| fore the center of that ſemicircle is in L. 
47 | 6 b of meaſures GH, and equal to the ra- 

| dius of projection. To 

49 | 2, 3 by reaſon ſeveral 
57 b projected from what is X 
| | The plates ſhould be paged at rhe 
bottom; pl. I. 10. II, 18. III, 22. 
IV, 24. V, 30. VI. 38. VII, 48. VIII, 30. 
IIK. 56. * Pl. VII, fig. 
4 44, wants F, and FC. | 


| |\CENTRIPEPFTAL FORCES. 
1Preff 11 jirregularities only a 
2 11 drawn or impelled to 


moved 


14 


39989 


. 


| Pp 
| whence Aa x bA + 
4 after line 5 add, 


Cor. 3. 1f R be the radius of, curva- 


81. 
ds ha I . 
For R = SIRE IAEL = © 
RT ch 7 oh 
[whence the force FL. Sl 


185 N RY PS. 
Then univerſally a force i Is always as 


8 
10. But mt or 75 is 
15 Such motions as 
19 PSC and PyC. 
1 [4, R recedes from M. 
4 Curve R DB. 
6 fits axis 1B 8 


Pl. I. fig. 5. the body m ſhould be ſhaded. 
Pl. on bg. 23. wn muſt be perp to Fp. 


— — * — 


| " x 8 _ — 
e r 


fig. 90. 

goth degree of 

62.31. 

atter 1. 4, add, 

Cor. 6. 7 he Hori xontal parallax of one 


| body ſeem from another, is equal to the ap- 
parent ſemidiameter of this other ſeen from 


the firſt. 


For the parallax of P is the angle at 


— 


P made by the lines AP, CP continued 
„ ht 4 ta 


tare. l. the centripetal force at | will be 


A ae 


Fig, page| line 


168 


1930 8 b 
199 


205 


225 5 b 


Ifor all the planets and their ſatellites; 


FB ( / / bs Bs bo ie 


read 

to the fixt ſtars, and that is equal to the 
alternate angle APC, under which the 
radius AC is ſeen, (by Cor. 2), which 
will be the horizontal parallax, when 
PAC is a right angle. (fig. 48.) 
after line 5, add, | 
1d. To find it by Calculation, 

Dec. 30 20 26, 1742 | 
(becauſe = | 

= 3.1416) 

the planet's angular 

the planet's angular 


is to its 


after Cor. 3. add. 1 
Cor. 4. The velocity at am place N: 


ſis to the velocity in à circle at ibe mean 


diſtance SA: : NF: . 
For (by Cor. 5. Prop. 16, Centripetal 

Forces) the velocity in the ellipſis at A, 

is equal to the velocity in a circle at the 

diſtance SA, : 

hg. 78. Ar 

2 :s geocent. place 4 

as p and P, N 7 * 

© place 

n 

after Cor, 2. add, 


Or tbus. 

Let 4 = apparent diameter of the 
central body ſeen from the revolving 
| body, and p = the periodic time. Then 
(Prop. 19. Centr. Forces) the denſity is 


12 Bop For à is the parallax of the re- 


4a | 
volving body (by Cor. 6. Prop. 16. 
Sect. IV.) And the quantity p is Known 


and 


"APPENDIX 


page] line | read 


285] 13 
318] 17 


- 


and 4 may be eaſily found for chem all. 


any. regard to the ſun's parallax or diſ- 
tance. 


Cor. 3. 

moved back ward. 

diſtance ms = MS — Mo + Sp, very 
nearly, when MS is large. 

after line 3, add, 


to correct it, take mo = V Mm — Mo“), 


[and find its tangent. Then 


Tan. MS : tan. m:: mo: correction, 
which muſt be ſubtracted from Mo, 


when the angle M is acute; but added 
when obtuſe. 


dem happens ), find Sp (S8 — $p*), 
and add it to mo, before you make the 
proportion. 


When DM is grearer than a quadrant, 


the ſigns of Mo and this correction, will 
be contrary to what they were. 


The realon of this operation in correct- 


tion mo is perpendicular to MD, whereas 
Dao ſhould be an iſoſceles triangle; and 
this correction only ſhews how far we 
are to go beyond o, or how much Mg 
is to be ſhortened, 
point 5 8 
After the Scholium, add. 
a Otherwiſe thus. 

The foregoing method will, in moft 
caſes, give the anſwer excecding ** 
| the 


1 


Fig 


| Whence the denſities are had, without 


But when MS is ſmall or Ma large, 
Mo will need ſome correction. Therefore 


| When Ss is conſiderable which ſel- 


ing Mo, is, that ia the former computa- 


— — es”. 


r 


. "_ - 4 
- * my  - 
% — 
2 — W 5 £m — — 5 — — 
225 «dt — q yy — — - & ef bh * — 
A _ ry * 
6 ano SS Y 4A — En * = 
. © 2 


rr 


CEN ares > 


1 


method, by help o 
g LerZ=col: ZM+ZS, Z =col: Zm+-Zs. 
[C coſ. ZM—ZS, c = coſ. ZM—Zs. 


| 


A P PE N D 8 x. 
Tig page line 
[the truth; but being only an approxi- 
mation, and gained piece by piece, it 


read 


will deviate a little in ſome particular 


caſes, as all other patched up methods 
Iwill do. And therefore it will be better 


to uſe the ee general and exact 
the natural fines. 


B = col. obſerved baſe MS, þ = coſ. 
true baſe ms, required. 


[P=c—=C,Q=z—Z,R= C—Z, 


I = - C—B, then 
5 847 N 8 obſerving the 


ſines, and that Ll colines of arches 
greater than go, are negative. 


gonometry, C—Z: C—B::2r: verſ. Z. 


C—Z 
C—B 


29 — en 
1 C—Z 


27 : 


Whence —2 X C— EC—B = Co * 75. 


c — 2 

9 2 6 IT 

6 — 
e 


is one rule. But 5 — 


0 — 


For by Cor. 1. Prop. 42. B. III. Tri- 


K 


eee * 5 — + 


&PPFENDI Xx 23 
page line jread | 


=== * e x B=T=c+B-O 


MS = 2% 20 moon's vs parallax 36 10% 
Let YZM= 90 21 refraction 4 40 
28 = 78 46 


Mm = 31 30 
Ss ſtar's refr. 4 40 
ZM = $0 21 0 h | # 


ZS = 78 46 o 
£m = 79 29. 30 


£8 = 78 50 0 
— — Col. 
4 159 3 — 9343082 
2 = 158 19 30 — 9292938 
1 9996182 
e = © 39 30 +9999 340 
P =c—C = .oo03158 wo 
Q = z—Z = 0050144 .004698 
R = C—Z = 1.9339264. 000447 
S = C—B = .0004473 — 
Q—P= 0046986 N. | 
| > # 
B = .9991709 | 1.93)20.9(11 
= 3158 n 
quotient 11 ü — 
— — 16 


94878 = coſ. ms=1* 500 20 


Almolt all the work conſiſts in letting down the 
data. 


fag. 
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Fig. page| line |read 
321] 1 fig. 110. 
331] © [P. 331.7 
333] 7 bifrom the node: 
355 16 fif x = number 
| 15 27.54 = 29. 538 
: 56 if =#S 50.290 
356] 7 | =#x = 239 rev. 
357 after I. 9, add, 
ba. Put &a, x, e, y for the periods of the 
change, apſis, node, and year; then 
any of them may be found as before, 
from the equations; 
| 29.534=27.54X=27. 2162 265. 2 5y 
367 . 8 [ſooner at London; or weſt if later. Ori it 
| is eaſt, if it happen later in reckoning 
the hours; but weſt if en, This 


8 


In the Plates. 


Plate I. at bottom, pa. 8. Pl. II. pa. 2 24. 

Pl. XI. pa. 260. 

Pl. I. fig. 1, the bodies of the Sun, Sa- 
turn, Jupiter wanting. 

IPl. VI. fig. 40, the lines ſhould i inter- 

| 7 ſect in B. 


. * mt ” td. i aa. * 40 
1 * 


6 E ORA P 


4 | 17 length of days 
5 | 9g |Aſai. At 
8 bſfrigid zone, theſe 
19 1,2,3b| longitude (for lat.) 
and in both ways, 

1- [whoſe diſtance 
40 | 9 bſpole, A and B 

57 | 8 ſoblate ſpheroid 
72 [8 hjinto a horrible 


APPEND bx. 


line read 


9- leaſt by Spin, 
6 [as the land of 


2 bjlong night be 


I+ 
4 

13 
16 
10 


10 
22 


dif. lat. AR. 
velocity Ak. 

ts + 5r, &c. 

ſer than Az; 
whence 2 = 2.30 


HI = BE Xx 1 Þ+ 2955. 


| 7 A Cor. 2, add, 


Cor. 3. And from hence will be known 
how much the watch is too faſt or too 


flow ;, which now may be ſet to the true 
time. 


| 'DIALLING. 


tag, his rays. 

removed weſtward or eaſtward. 
carried back thro 

ſituation, on that meridian. 
hg. 20. 


| 


5 bſ put out fig. 20. 


fig. 43. 
put out fig. 12 


at bottom, add, | 
See Cor. 3. Prop. V. Sect. III. Projection. 


114 b Chambalu 


Pl. IX. fig. 34. g and 3 are wrong placed; 
740 ſhould ſtand where 0, 4d cut AB. 
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COMBINATIONS; 


5 b; but there ſhould 
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dele Examp. A 

— 1.895091 9 

T5 94 ** 6 + 4 

176.16 . 
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